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IVERSITY CALENDAR - 1969-70

Th e regular University ear is Divided into Fall and Spring Semesters of approximately
seventeen weeks each . The Summer Session is eight weeks.
1969 FIRST SEMESTER
1970 SECOND SEMESTER
Se:pt. 7, 8, 9, Sun., Mon., Tues.-New Student Jan. 26, 27, Mon., Tues.-Registration.
Jan. 28, Wed.-Beginning of Classes.
Days.
Sept. 10, 11 , Wed., Thurs.-Registration.
Feb. 4, Wed.-Last day to initiate registration.
Sept. 12, Fri.-Beginning of Classes.
Feb. 11 , Wed.- Last day to add a course.
Sept. 19, Fri.-Last d ay to initiate registration.
Feb. 27, Fri.-Last day to submit graduation
Sept. 26, Fri.-Last d ay to add a course.
cards·.
Oct. 14, Tues.-Last d ay to submit a graduaFeb. 27, Fri.-Last day for. make-up exams to
tion card.
remove
undergraduate
incompletes.
Oct. 14, Tues.-Last day for make-up exams to
Grades due for removal of incompletes in
r e m o v e undergraduate incompletes.
Admissions and Records Office on March
Grades due for removal of incompletes in
3, Tuesday.
Adm issions and Records Office on Oct. 16,
Mar. 20, Fri....:...Spring term deficiency reports
Thursday.
due.
Oct. 18, Sat.-Hobo D ay, University of South
Mar. 25, Wed.-Last day of classes-Easter ReDakota.
cess.
Oct . 20, Mon .- No Classes.
Mar. 31, Tues.-Classes resume.
Nov. 5, W ed.- Fall term defi ciency reports due.
April 3, Fri.-Last d ay course may be dropped
Nov. 11, Tues.-A holiday-Veterans D ay.
without a grade.
Nov. 19, Wed.- Last day course m ay b e dropped without a grade.
May 22, 23, 25, 26, 27, Fri., Sat., Mon., Tues.~
Nov. 26, W ed.-Classes close at 12 :30, ThanksWed.-Semester Exams.
giving Recess.
May 29, Fri.-Grades due at 10:00 a.m .
Dec. 1, Mon.-Classes resume.
May 31, Sun.-Eighty-fourth annual commenceDec. 19, F ri.-Classes close at 12 :30, Christmas
ment, 7:30 p.m.
Recess.
1970 SUMMER SESSION
1970
June 8, Mon.-Registration.
Jan. 5, Mon.-Classes resume.
June 8, Mon.-Beginning of Classes at 1:00
Jan. 16, 17, 19, 20, 2 1, Fri. , Sat., Mon., Tues.,
p.m.
Wed.-Semester Exams.
July 31, Fri.-Summer Session closes .
Jan. 23, Fri.-Grades due at 10:00 a.m.
Aug. 1, Sat.-Graduation at 7 :30 p .m .
Jan. 24, Sat.-Graduation at 10:00 a.m.
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HoNORABLE CHARLES Bumm (Term Expires January 1, 197l) _________________________________ Pierre
HONORABLE HARRY Wrrr (Term E xpires January 1, 197l) ________________________________ ___ Butler
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HONORABLE RICHARD GIBB, Commissioner_______________________________________________ ________________ _ ___._Pierre

Officers of the Board
HONORABLE CHARLES Bum:::E _______________________________________________________________________________________________ President
HONORABLE RICHARD H. BATTEY ____________ __.________________ __________________________________________________ Vice President
HONORABLE KENNETH L. ARTHUR ______________________________________________________________ __________________________ secretary

TIPS FOR INTERPRETING THE CATALOG
the Biology Department in the College of Agriculh1re and Biological Sciences catalog.
In this course description, using the same example, you will find "113 Biology 3(2,3)F."
The "3' outside the parentheses is the credit
value of the course. The first number inside the
parentheses indicates the number of recitation
hours per week and the second number, in this
case "3", is the number of laboratory hours per
week that the course requires. The "F" following the parentheses indicates that the course is
offered during the Fall Semester. An "S" would
indicate Spring Semester and an "Su" indicates
Summer Session. This system holds true for all
course descriptions in this catalog.

The catalog contains three important entries:
A brief description of the department, an outline of the curriculum required of a student
majoring in the department's field of study, and
a detailed description of the courses offered by
the department.

In the curriculum outline, the abbreviations
FS refer to the two normal terms of the academic year-Fall and Spring. Entries in the
FS columns refer to credit values assigned to
respective courses. One credit is usually interpreted as one hour of class work per week or
as three hours of lab work per week. The respective courses are identified by course name,
department, and course number. For example.
Course, Dept., Course No.
F
Biology, Bio 113, 123 _______ __________ _________ 3

INVESTIGATE FURTHER
State University invites you to visit the campus. Maps are available from the Admissions
and Records Office. Normal office hours are
maintained Monday through Friday. Visits at
other times may be arranged upon request. A
campus visit will enable you to see facilities
and discuss your plans with facu_lty members.
For further information regarding a campus
visit or application for admission contact the
Admissions and Records Office.

S
3

Reference is to the biology courses in the
Biology Department. The courses are numbered
113 and 123, and are normally taken in two
semester sequence of Fall and Spring semesters.
A detailed description of the courses can be
found by looking for Biology 113 and 123 under
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Four-year curricula leading to the Bachelor of Science degree are offered m:
Agricultural Engineering
Civil Engineering
Electrical Engineering
Engineering Physics
Mechanical Engineering
All of these curricula are accredited by the Engineer's Council for Professional Development ( ECPD).

The first semester is the same for all curricula, and is concerned primarily with fundamental courses common to all branches
of engineering. Actually, a student can use
the first year to learn something about the
various fields of engineering by counsel, observation, and experience.
Each student will have an advisor from
one of the engineering departments who will
assist him in planning his course work, anJ
who will cooperate in the general University
counseling and orientation program.
The second semester and the second year
contain many fundamental courses common
to all engineering, but a few special courses
are introduced. It is desirable that a student
select his curriculum when enrolling for the
second semester although it is possible to
select or change a curriculum during or at
the end of the second year without causing
serious inconvenience.
During the last two years, special courses
offer opportunities for the student to (I) acquire an understanding of fundamental
principles, and (2) become familiar with
the applications of these principles to practical problems in his chosen field. Problem
work and laboratory work are essential features of such courses.
Each curriculum devotes considerable time
to communications skills, humanities, and
social sciences which should broaden the stu-

dent's interests and background and so prepare him for working with men as well as
machines.
Students are encouraged to participate in
the activities of the local student chapters of
national professional engineering societies.
Outstanding students are invited to join local
chapters of national honor societies.
Industrial inspection trips are arranged by
each department to provide an opportunity
to become familiar with current engineering
practice in the field.
Refer to the section on "General Information" for information on engineering entrance, credit, and grade point requirements.
A student who wishes to complete one of
these curricula in four years ( eight semesters) should present high school credits for
3 ½ years of mathematics including two
years of algebra, one year of geometry, and
one-half year of trigonometry. A student
who has not had the second year of algebra
or trigonometry may still enroll in Enginering, but the student should realize that it
will undoubtedly take more than eight semesters to complete the program for the B.S.
degree. Students who have mathematics
deficiences are urged to attend summer
school before enrolling in the Fall Semester
of their freshman year, or they may attend
later summer school sessions if they intend
to graduate within a normal four year period.
5
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Departments of Instruction
Agricultural Engineering (AE)
P rofessors Moe, DeL ong , Wiersm a, M ye rs; Associa te Professors L ytl e, Turnquist, W aelti , D e l3m:r :
Assista nt Pro fesso rs Ch u , H anso n , H ellickson , Spuhl er ; Instructors D owding, H oover , Onstad , MaJJcn .
Brosz

Agricultural Engineering is the science of
engineering applied to the agricultural industry. Students who take the fo ur-year curriculum in Agricultural Engi neering are
trained in m athem atics and the fund amental
principles of engineering. They are also required to take m any courses emphasizing
the application of the principles of engi·neering to the agricultu ral industry.
With this preparation, stude nts m ay enter
the following ca reers: land improvement, including drainage, irrigation, land clearing

and soil conservation ; positions with farm
machinery and tractor companies; positions
with building-materials industry ; positions
in electric power and processing, land an<l
building appraisal work. Courses are also offered in the field of meteorology, climatology, and microclimatology to engineers and
students in other colleges who are interested .
For Mechanized Agriculture Courses and
Curriculum as offered by the Agricultural
Engineering Department see College of Agriculture for full description.

Curriculum in Agricultural Engineering
140 semester credits required for the Bachelor's Degree

s

s

Senior Year

F

Ma the m a tica l A n aly~is I-II , Ma th 155-1 6 5 __ 5
5
G e ne ral Ch emistry , Ch 11 4 or 164 _____ __ ___ __ 4
Freshm a n Composition ,
E ng l 103 o r 11 3 or 143 ------ ,---- --------------- 3 or 3
Int rodu ctio n to Lite ra ture, E ng l 2 03
3 or 3
E ng ineering G rap h ics I-II , EG 113 - 122 ______ 3
2
5
Ge nera l Ph ysics I, Ph y 195 -------------------------1
·! No n-techn ical Electi ves ----------------------------- - 1
Ph ysica l E duca tion , H PER 10 1 _____________ _____ _ 1
1
Orienta tion for Eng in eers, GE 100
0

El ectric P ower and Processing II, A E 412 ___
F a rm L a nd Eng ineerin g I, AE 414 --·--------R esea rch Measurements, AE 402 _____ _ ___ _____
Ag ricultural Eng ineering Seminar, AE 4 9 1
In spection Trip , AE 400 ___ ________ ___ _____ _______ ___
Princip les of Econ omics II , Econ 213 ________ _
Ag ricultural E ngin eering Concepts and
D esig n, AE 4 84 ---- ------------------- ----- ________ __
·!Technical El ecti ves -·-----------------------------------i- N on-technical E lecti ves ------- --- --------------------

2
4
2

Sophomore Year

F

Ma th em a tica l A nalysis III , Ma th 254
G e n e ra l Ph ysics II , Ph y 2 15 ------- ------------------G e nera l Ch emi stry, Ch 13 4 or 173 ___ _______ ___
E lem e ntary Survey ing, CE 202 -- ----- ---·· -------·
S ta tics , E M 21 3 ---------------------------------------------Soil s, PS 213 ______ ___________________ __ _________________ __ ____
E lec tric Power a nd P rocessing I, AE 2 13 ____
Co m p ute r P rog ra mming , G E 29 1 ________________
D yn a mics, EM 223 --- ------------------------- -----------Principl es of Eco no m ics I , E co n 203
!·N o n-technica l E lecti ves ·----- ----------- --------- ----

4
5

1-Electivc co urses a rc p ru v i<lcd lo p ermit t he stu de nt to co n cen trate in t he ap pl ied tec h nica l a rea of hi s partic ul a r inte r est , and tu pro,·id c fo r f urth e r c ult u ra l growth a nd ed uca t io n
in t he hu m an ist ic-soc ia l scie nces area.
Acco rdi ng ly th e e lec tive p rog ram fo r eac h st ud ent mu s!
be pl an ned w it h h is co u ns el o r , :m<l ar p ro ,·ed b y t he H c:i d
of the Ag ricultura l En g in ee rin g Dep a rt m e n t. T his w ill in cl u de at least 9 c red it h c urs o f techni ca l elec ti ves and a l
leas t 12 c redit hou rs of n o n -techni ca l e lect ive s in t he hu m a ni st ic-soc ia l area selected fr o m and in acco rda nce wi t h
t he rep rese nt at ive l is t o n pages 27-28 of thi s sec ti o n .
Fou r credit s of ROT C m ay be su bs ti t u ted fu r no n-tech ni ca l e lect ives.

3
1

4

Junior Year

F

S

Freshman Year

F

S

3-4
2
3

3
3
I
3

M ech a nics of Ma terials, EM 313
3
T h ermod yn a mics, ME 303 ______________
3
Bu sin ess La w I, Eco n 303 _____ ________ _____ __ ________
3
Agr icultural Structures, AE 304 . ___ __ ___________ 4
Ma te ria ls of Con struc tion , CE 222 or
E ng inee ring Ma teri a ls, ME 213 _____________ ___
2 -3
Fund a m e ntals of Speech , Sp I 03 ____________ ____ 3
Junio r Comros itio n , E ng l 303 o r
A d vanced E xpositio n, E ng l 350 ______ __ 3-2 or 3-2
F luid Mech a nics, EM 323 _________ ___________ ___ ____
3
Diffe re nt ia l Eq ua tio ns, Ma th 333 __ _____
3
Agr icu ltu ra l Power a nd Mac hines , AE 344 __ 4
-!- N o n-Technical El ec ti ves ---------------------------3

Suggested Technical Electives
Farm Structures

U

.3

4
6
3

3

7

Credits

Ph ys ica l C lim ato logy a nJ Meteorology, AE 363 __ 3
Refr igera ti on a nd A ir Co nditioning, ME 433 ____ 3
H ea t T ra nsfer , M E 343 -- -- ------------------------------ -- ------ 3
Structural Th eo ry, CE 41 3 ------------------------------------ 3
T echnica l Sk etchi ng, E G 23 1 ----------------------------- --- 1
So il s Eng ineering, CE 444 --------------- ---------- -------- --- - 4

Power and Machinery

Credits

Ag ricultural Machine ry D esign , AE 452
Mech a ni sm ~, M E 3 53 ____ _ -- -- -------- ----- ----------------------D esign of Machine E le ments, ME 434 ---- -- ---------H ea t Tra n sfe r, ME 343 ---------- -------------------------------Vibra tio ns, ME 32 3 ------ --------------------------------------- --Metallurgy, ME 3 83 ___ : ____ ___ ___ ___ __ __ __ ___ _______ ___________ __

2

3
4
3

3
3

Eng;neering
Soil Ph ysics, PS 452 ------------------- ------- ------------------- 2
Technical Sketching, EG 231 ------------------------------- 1
Electric Power and Processing
Credits
Ph ysical Clim a tolog y and Meteorology, AE 363 __ 3
Heat Transfer, ME 343 ---- ----- ----- -------------------------- 3
Refrigeration a n<l Air Conditioning , ME 433 ___ _ 3
Electric Circuits and Equipment, EE 303 ____ ____ __ 3
Crop Ecology an<l Ph ysiology, PS 432 _____ _____ __ ___ _ 2
Technical Sketching, EG 231 --- --------- -------------------- 1

Credits
Water Resources Engineering
Irrigation an<l Drainage Engineering, AE 423 __ 3
Irrigatio n Crop a nd Soil Practices, PS 483 _______ __ _ 3
H ydrology , CE 332 ------------ ----------------------- -------- ----- 2
Ph ysical Climatology an<l Meteo rol og y, AE 363 -- 3
Soils Engineering, CE 444 ___ --- ------- --------------- ----- 4
Topographic an<l Route Surveying, CE 212 __ ___ __ __ _ 2
Hydraulic Engineering, CE 423 -------------------------- 3
Soils Ph ysics, PS 452 -------------------------- ------------------ 2
tSuggestecl elect ive s in a ll opti o ns : En g in ee r in g Sta ti st ics ,
.\lath 413 ; Co mputer Operation, GE 333; En g inee rin g Eco n o m y, GE 402 .

UNDERGRADUATE COURSES
213 Electric Power and Processing I 3 (2,2) S
Application of electrical power to farm and farm
home uses: basic wiring, lighting, heating, motors,
and controls. Rural electric rate structures, power
distribution systems and areas of the region.
304 Agricultural Structures 4 ( 3 ,2) F
Materials and application; heat and moisture transmission in farm buildings; functional requirements
for animal shelters, crop storage units, farm home
and farmstead; and economic considerations an<l
cost estimating. P, Phy 215.

344 Agricultural Power and Machines 4 (3,2) F
Anal ysis of factors affecting gasoline and diesel
tractor pe rfo rmance, engine design, transmissions ,
traction, hitches, hydraulic systems and economics.
Evaluation of field machinery performance, features,
and eco nomics. P, Ph y 195, EM 223.

363 Physical Climatology and Meteorology
3 (2,2) FS
Interaction of la nd and air; daily changes and
long-time averages of atmospheric characteristics;
climate cla ssifica tion systems.
400 Inspection Trip (0) F
Provides the senior student with opportunity to
observe operation of several industrial firms an<l
duties of Agricultural Engineers, and other enginec-ring groups with these firms. P, senior standing.
402 Research Measurements 2 ( 1,2)
Operating principles, application of reliability and
modifying of instruments, and aids used in Agricultural Engineering research and <levelopment.
Items would include high speed research photography, recorders, controls, flow and strain gages,
and specialized instruments to help prepare the
student to properly select, use and / or design and
modify instruments. P, senior standing in Engineering, Phy 215.

7

412 Electric Power and Processing II 2 (1,3) F
Principles and appl ications of p rocessing agricultural crops. Design, capacity, and operational characteristics of gra in drying a nd aeration, hay and fo rage dr ying, wet storage, seed separa tion , g ri nding,
m ixing, pelleting, and h andling of m aterials b y con veyors, pumps and fans. P, 213, 344.

414 Farm Land Engineering I 4 (3,3) F
Runoff frequency, intensity, and prediction from
small agricultural areas and its application to conservation practices. Wind and water erosion control
practices. Design of erosion con trol structures and
embankments. Flood rou ting tech niques as applied
to sm all dams. P, CE 202 ; EM 323, PS 213 .

423 Irrigation and Drainage Engineering II
3 (2,3) S
Theory and design of agricultural d rainage. Irrigation principles, land prepa ration , desig n of surface
and sprinkler irrigation systems. P, 414.
452 Agricultural Machinery Design 2 ( 1,3) S
Analysis of farm machine mechanisms, forces and
actions, design, de velopment and field testing. P,
344; ME 434 .

472 Descriptive Micro-Climatology 2 (2,0) S
(Offered 1969)
Micro-climate occupied by plants and animals ; application of weather information to ag ricultural and
co nservation wo rk. P, 363. Alterna te years.

482 Climatological Methods 2 ( 1,2) S
{Offered 1968)
Special methods of statistical analysis used w ith
climatological data. Processing and anal ysis of data
on digital computer. Use of cl imatological data in
Agricultural Engineering and conservation fields. P ,
363. Alternate years.

484 Agricultural Engineering Concepts and D esign
4 (2,4 ) S
Procedures, theory, concepts and design of agricultural structures, equipment, systems and m achines. Systematic procedures, de velopment, design
and development with emphasis on originality, creativity, specifications and testing proced ures. P ,
Senior sta nding in engineering.
491 Agricultural Engineering Seminar 1 (1 ,o) S
Review of current technical literatu re in Agricultural Engineering. Oral and w ritten reports and discussion. P, senior standing.
GRADUATE COURSES
612 Engineering Phases of Crop Processing 2 (2,0)
Detailed anal ytical studies of cutting and shearing,
collecting, packaging, size reduction , deh ydrating,
hauling, cleaning, and storing of agricultural crops.
Includes one or more complete crop h a rvest and storage p roblems with reference to cost, labor, power requirements, and quality of finished product. P , 412,
422. Alternate years.
613 Instrumentation 3 (2 ,3) S
Available instruments commonly used in Agricultural Engineering research. Principles and methods
of measuring temperature, humidity, pressure, and
flow with indicating and recording equipment. Ap-

8
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plication and instrumentation of SR-4 strain gage
pressure and force transducers. P, Phy 215, Math 254.

643 Ground Water Engineering in Agriculture
3 (3,0)
Theory of ground water movement. Specific applications of flow into wells, into drains and flow
and from irrigation channels. Theory and application of Darcy's Law and the use of analogs in the
field situations. P, EM 323.
652 Theoretical Micro-Climatology 2(2,0) F
(On sufficient demand)
Derivation and application of physical laws to air
layer near the ground occupied by plants and animals. Instruments used to take measurements in layer
near the ground. P, Calculus, Physics, AE 363.
702 Advanced Farm Buildings 2 (2,0)
(Offered 1967)
Requirements of domestic animals for shelter and
environment that shelter needs to provide for efficient and economical operation of animal enterprise;
effect of total energy exchange on productivity of
animals. P, 304. Alternate years.
722 Advanced Farm Land Engineering 2 (2,0)
(Offered 1968)
Selected topics from fundamental concepts of
model analysis; specific application to problems inyolving viscous and gravitational phenomenon; varied flow equation applied to gravitational flow in
drain-lines, open ditches and terraces; use of tractive
force theory in earth channel design; principles of
irrotational flow and characteristics of potential
fields; use of Laplace's Equation in solving saturated
flow problems. P, 423, PS 452. Alternate years.

742 Advanced Farm Power and Machinery 2 (2,0)
(Offered 1968)
Presentation of typical farm machine mechanisms;
instruction in selection, design, and application of

various testing instruments for research and development; testing and evaluating machine components.
P, 452. Alternate years.

750 Special Problems in Agricultural Engineering
(1-2 on demand)
Graduate students who wish to pursue detailed
studies in one or several areas of the Agricultural
Engineering field including meteorology and climatology.

752 Similitude 2(1,2) (Offered in 1970)
A systematic approach and thorough treatment of
the principles and theory of dimensional analysis,
problems of model design and tests. The use of
structural and fluid flow models in design as they
pertain to Agricultural Engineering problems.
753 Energy Transfer in Agricultural Environment
3(2,2) (Offered in 1969)
Advanced studies in energy transfer which pertains to Agricultural crops, soils, climatology, fluid~,
machinery dynamics, and other materials. P, ME
343, ME 433, PS 452 or equivalent courses.
763 Programming Agricultural Systems 3 ( 2 ,2)
(Offered in 1970)
The use of programs and computers in advanced
engineering for the solution of problems occurring
in Agricultural Engineering studies. Gathering, processing, evaluating mass engineering and scientific
data; emphasizing the use of modern high-speed
computers, integrated data processing systems. P,
GE 29 I, Math 413, or equivalent .
781 . Graduate Seminar I ( 1,0) (Offered in 1969)
Discussion and reports of current topics and investigations in Agricultural Engineering. (Limit of
2 credits for MS, 3 credits for Ph.D.)
790 Thesis 5-7

Engineering

9

Civil Engineering (CE)
Professors Johnson, Andersen, Oornbush, Koepsell; Associate Professors Chang, Hargett, Larson, Shoukry:
Assistant Professors Ab<lul-Shafi, Anderson, Lee, Rollag; Instructors Harms , Hejl, Sig)

Civil Engineering includes the location,
design, construction, operation and maintenance of railways, highways, bridges, dams,
water supply and distribution systems, sewage systems and sewage disposal plants, irrigation systems, river and harbor improvements and many other facilities essential in
modern life.
The course in Civil Engineering is planned

to give students a foundation in the exact
sciences-mathematics, physics, and chemistry; a thorough training in the technical
phases of Civil Engineering-drawing, surveying, hydraulics, testing of construction
materials, and principles of design involved
in engineering work; and an introduction to
the humanistic subjects in order to prepare
them for responsible positions.

Curriculum in Civil Engineering
140 Semester Credits Required for the Bachelor's Degree
Freshman Year

F

s

Technical Electives

Mathematical Analysis 1-11, MJth 155-165
General Chemistry, Ch 164
English, 103-203 or 113-203 or 143-203
Engineering Graphics l-11, EG 113-122 . .
General Physics I, Phy I 95
Physical Education, HPER 101 ...
Orientation for Engineers, GE l 00 ......... ...
tNon-technical Elective ................................

5
4

5

3

3

3

2

Indeterminate Structural Analysis, CE 493
Advanced Structural Mechanics, CE 613 .... ....... .
Prestressed Concrete, CE 623 ..... .......................... .
Advanced Soils Engineering, CE 642 ................. .
Highway Engineering, CE 453 ........ .................... .
Pavement Design, CE 683 .................................... .
Hydrology , CE 332 ............................................... .
Sanitary Engineering, CE 463 .................. ........ .'. ..
Bacteriology, Bae 204 ........................................... .
Construction Engineering, CE 473 .......................
Principles of Accounting I, Econ 223 ................... .
Hydraulic Design, CE 633 ..................................... .
Advanced Hydraulics, 643 .................................... .
Water Resources Seminar, CE 601 ........................ .
Industrial Waste Treatment, CE 602 .......... ..........
Environmental Engineering, CE 603 ................... .
Water Quality Analysis, CE 653 ............................ -.

5
l

l

0
1

s

Sophomore Y car
Mathematical Analysis Ill, Math 254
General Physics II, Phy 215 ........................
General Chemistry, Ch 173 ........ ................. .
Statics, EM 213 ........................ .. ...... ............
Principles of Economics, Econ 203 ..............
Fundamentals of Speech, Sp 103 ................. .
Elementary Surveying, CE 202 ................. .
Engineering Surveys, CE 204 ...................... .
Materials, CE 303 .................................... ... .
D ynamics, EM 223 ..................................... .
Computer Programming, GE 291 ..............
·l·Non-technical Elective .... ........................... .

F

Junior Ycar
Differential Equations, Math 333 ......... .... ....
Fluid Mechanics, EM 323 ......
Fluid Mechanics Laboratory, CE 321.. ..........
Mechanics of Materials, EM 313 ........ . ... .......
Structural Materials Laboratory, CE 311 .. ...
Advanced Exposition, Engl 303 or 350 ........
Structural Theory, CE 413 ......................... .
Geology, PS 243 ....... ................................... .
Thermodynamics, ME 303 ............ .
Electrical Circuits and Equipment, EE 303
Transportation, CE 412 ..............................
Water Supply Engineering, CE 334 .......... .
Seminar, CE 300 .................................. ..........
1-Elcctive ........................................................

F

0
2

2

Senior Ycar

F

s

Steel Design, CE 433 ..................................
Concrete Theory and Design, CE 443 ....... .
Waste Water Engineering, CE 483 ................
Soils Engineering, CE 444..........................
Inspection Trip, CE 400 ......... ... ........... ........
Hydraulic Engineering, CE 423 .................
Engineering Administration, CE 403 ........... .
·j·Electives ............................. '. ..........................

3

4
5
3

3
3
3
2

4
3
3
l

1

s

3
3

l

Credits
3

3
3
2
3
3
2
3
4
3
3
3
3

1
2
3
3

tElcctivc courses are provided to permit the student to con•
centrate in the applied technical area of his particular inter•
est, and to provide for further cultural growth and educa•
tion in the humanistic•social science area. Accordingly the
elective program for each student must be planned with his
counselor, and approved by the Head of the Civil Engineer•
ing Department. This will include at least 6 credit hours of
technical electives and at least 15 credit hours of non•tech•
nical electives in the humanistic.social area selected from
the representati ve li st o n pages 27•28 of this section
Four credits of ROTC credit may be substituted f~r non·
technical electives .

3

UNDERGRADUATE COURSES

l
3 or 2
3

3
3

3
2

4

Use, adjustment, and care of surveying instruments; analysis of errors in observation. P, Math 122
or 133 or 145 and EG 112.

204 Engineering Surveys 4 (2,6) SSu
Topographic surveys and topographic mapping,
elements of photogrammetry, land and construction
surveys, principles of curve and earth work calculations and other advanced topics in surveying. P, 202.

212 Topographic and Route Surveying 2 (0,6) S

3

(For non-civil engineering students.) Field and
office work involved in topographic mapping, fundamentals of ;icrial photographs; elementary curve
theory. P, 202.

3

222 Materials of Construction 2(0,6) F (even years)
(For non-civil engineering students.) Sources, ap-

3
4
0
3
4

202 Elementary Surveying 2 (0,6) FS
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plications, and properties of materials used in construction. Laboratory tests to determine these properties. P, sophomore standing.
300 Seminar 0(1,0) FS
Review of current literature on professional and
technical aspects of Civil Engineering. P, junior
standing.
303 Materials 3 (2 ,3) FS
Basic structure of materials and its effect on material properties. Laboratory tests on materials, principles of concrete mix. P, Phy 195, Ch 164.
311 Structural Materials Laboratory I (0,3) FS
Laboratory tests on structural materials and elements, and interpretation of test results. Careful laboratory techniques are emphasized. P, with EM 313.
321 Fluid Mechanics Laboratory 1 (0,3) FS
Measurement of properties of common fluids, and
tests on fluids in motion. P, with EM 323 .
332 Hydrology 2 (2,0) F
Basic principles of precipitation, runoff, stream
flow, and groun<l water. P, EM 323 or concurrent
with 323.
334 Water Suply Engineering 4(3,3) SSu
The hydrologic cycle, surface water _a nd ground
water, water consumption and demand, quality of
water, pumping treatment and distribution of water
supplies. P, EM 323.
400 Inspection Trip O F
Inspection trip to industrial plants, construction
projects, and other engineering sites.
403 Engineering Administration 3 (3,0) S
Law of contracts, agency, and other legal aspects
of engineering. Preparation of specifications. Economic aspects of engineering. P, senior standing.
412 Transportation Engineering 2 (2,0) F
Basic engineering principles involved in various
common means of transportation. P, 204.

413 Structural Theory 3 ( 3,0) S, Su
Reactions, internal forces, use of influence lines
for beam s, frame s, and trusses for moving loads. P,
EM 313 .
423 Hydraulic Engineering 3 ( 3,0) F
Development of fundamental principles related to:
closed conduit flow, flow in open channels, open
channel transitions and controls, introduction to
wave mechanics, and hydraulic structure. P, EM
323.

433 Steel Design 3 (1,6) F
Design and detailing principles for structural connectio ns , tension members, compression members,
beams and girders. P, 413.
443 Concrete Theory and Design 3 (2 ,3) F
Theory and design principles for reinforce<l concrete structures including both working stress and
ultim~te stress methods . P, 413.
444 Soils Engineering 4 ( 3 ,3) F
Basic soil principles, index properties, moisture

density relations, compressibility, soil stresses, embankments, foundations, soil compaction and stabilization, laboratory tests on fundamental soil properties. P, 303; EM 313, 323.
453 Highway Engineering 3 (2 ,3) S
Highway administration and finance, traffic characteristics, highway standards, drainage, geometric
design, construction methods. P, 412, 444.

463 Sanitary Engineering 3 ( 1,6) S
Laboratory analysis of water and sewage, design
problems in water and sewage facilities. P, 334, 483.
473 Construction Engineering 3(2,3) S
Construction management, equipment, operations,
and costs. P, 403.

483 Waste Water Engineering 3 (3,0) F
Systems for collecting waste water, waste water
disposal and treatment processes, solid waste disposal. P, 334.
493 Indeterminate Structural Analysis 3 (2,3) S
Analysis of deflections and indeterminate structures , double integration , moment areas, conjugate
beam , energ y methods, graphical integration, numerical methods, slope deflection, moment distribution, and matrix methods. P, 413, Math 333.
GRADUATE COURSES
600-601 Water Resources Seminar 1 ( 1,0) FSSu
Review of literature on water resources engineering. Reading, reports and round table conferences
for effective delivery of information. P, consent of
instructor.
602 Industrial Waste Treatment 2 (2,0) S
Characteristics and composition of industrial
wastes, sampling and methods of analysis of these
wastes and remedial measures for treatment and disposal. P, 483 or equivalent.
603 Environmental Engineering 3 (3,0) F
The relationship of man's environment to his
health and control of this environment from an engineering standpoint. P, consent of instructor.
610 Special Engineering Problems 1-3 FS
Elective course for special or detailed study or investigation. P, senior standing in Civil Engineering.

613 Advanced Structural Mechanics 3 ( 1,6) S
Matrix methods, Arches and Rings, Buckling,
Structural Dynamics, Computer solutions. P, 413,
433.
623 Prestressed Concrete 3 (3,0) Su
Theory and design of prestressed concrete including pre-tensioning and post-tensioning. P, 443 .
633 Hydraulic Design 3 (3,0) F
Hydraulic design as applied to hydro-electric power development and turbine design, flood routing in
reservoirs and natural channels, design of drainage
structures and energy dissipators. P, 423.
642 Advanced Soils Engineering 2 ( 1,3) S
Application of basic soil mechanics to engineernig
problems. Stability, compaction, embankments, seepage, <lraining, and stabilization. P, 444.

Engineering
643 Advanced Hydraulics 3 (2 ,3) S
Introduction to topics related to water resou rces
engineering including : dimensional analysis, similitude, mechanics of sediment transport, river engineering, coastal hydraulics and stream channel mechanics. P, 423.
653 Water Quality Analysis 3 ( 1,6) F
The chemistry and interpretation of process control tests for the use and treatment of water and
waste water. Application of test results to the design
of water and waste water treatment works. P, 332
or 334 .
663 Open Channel Hydraulics 3 ( 3 ,0) F
Energy and momentum principles in open chan nel flow, flow resistance , flow in uniform and nonuniform channels, fl ood routing. P, 423 .
673 Fluvial Hydraulics 3(3,0)
Erosion , transportation and
ments by flowing water, bed
load movement, river behavior

S
deposition of sediload and suspend ed
and control. P, 423.

683 Pavement Design 3(3,0) S
Stresses in and design of flexible and rigid pavements including subgrades, bases and sub-bases.

P, 412.
713 Water Resources Engineering 3 (3 ,0) S
Advanced topics related to water resources engineering including: Multiple purpose river development, economic analysis of flood control measures,
aspects of water law, advanced topics related to surface and ground water hydrology and administrative
aspects ot water resources planning. P, 423.
733 Advanced Indeterminate Structures 3 () ,0 ) F
Analysis ot structural members of non-uniform
section. Arch analysis, multilevel frameworks, column analogy, moment distribution and energy methods. P, graduate standing.
734 Advanced Structural Design 4 ( 2 ,6) S
Design of rigid frames, effect of plastic behavior,
details for complex structures, analysis of flat plate
floor systems. Design comparisons. P, graduate
standing.

742 Plastic Design 2 (0 ,6) F
Modes of failure, plastic hinges, design rules and
applications. P, graduate standing.
743 Elastic Stability 3 (3 ,0) S
Buckling of columns and plates. Lateral buckling
of beams; stability of rings. P, graduate standing.

752 Water Treatment Plant Design 2 (0 ,6) F
Water supply sources, design of treatment plants,
cost estimates of water supply systems. P, graduate
standing.
753 Waste Water Treatment Plant Design
3(1 ,6) S
Design of waste collection and disposal facilities,
waste treatment plants, cost estimates of waste disposal and treatment systems. P, graduate standing.
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754 Sanitary Engineering Laboratory 4(2,6) S
Special studies of the chemical and ph ysica l a.spec ts of the va rious unit processes employed in wa ter
and waste treatm ent and laboratory work necessary
to desig n and opera te these uni ts. Field stu dies of
strea m sanitation , water and waste wa ter treatment
units. P, g radu ate standing .
763 Advanced Sanitary Engineering 3 (3,0) S
Adva nced enginee ring topics related to sanitary
eng ineering and public hea lth , incl udi ng housing ,
a ir conditioning and ventilation, ai r poll ution, hospital and institutional sanitation , strea m sa nitation,
waste disposal, radiological hea lth and ind ustria l h ygiene.

773 Highway Administration and Economy
3(3,0) Su
Highway administration, highway and transportation costs, road user benefits, cost benefit ratio.
783 Advanced Transportation Engineering 3 (2 ,3) F
Planning and designing of railroads, highways,
water and air transportation facilities and coordina tion of transportation facilities.

790 Thesis 5-7 FSSu
Independent investigation of special problem and
written thesis.

Engineering Mechanics Section (EM)
UNDERGRADUATE COURSES
EM 213 Statics 3 (3,0) FS
Vector algebra, forces, moments, couples ; principles of statics, resultant and equilibrium of force
systems, free bod y diagrams, centroids; analysis of
statically determinate states of equilibrium; equilibrium under distributed forces; frictional effects in
statics. P, Math 165, Phy 195.
EM 311 Mechanics of Materials Laboratory
I (0,3) FS
Laboratory verification of fund amental principles
of structural and machine elements and tests of properties of materials. P, concurrent with 313.
EM 313 Mechanics of Materials 3 (3,0) FS
Two dimensions] analysis of stress and strai n,
principal stresses, Mohr's circle; stresses in members
subjected to centric, torsio nal and flexural loadings;
deflections of beams; anal ysis of statically indeterminate beams; combined stresses; riveted and weld ed connections; column anal ysis. P, EM 213.
GRADUATE COURSES
EM 643 Theory of Plates and Shells 3 (3 ,0)
Small deflection theory of plates. Laterally load ed rectangular plates. Navier and Levy solutions.
Plates of various shapes, boundary conditions and
loading systems. Basic equations of the theory of
shells. Membrane theory applied to surfaces of revolution and quadratic surfaces. Basic equations of
cylinderical shells. Analysis of open and closed cylinderical shells. Design problems in cylinderical
shells. P, EM 313, Math 333, Math 393, or consent
of the instructor.
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Electrical Engineering (EE)
Profe~sors Fitchcn, Gamble, Lagerstrom, Manning, Storry; Associate Profeswrs Knahach , Kurtenbach,
Sander ; A~si~tant Professors Bruce, Ellerbruch, Higgins, Kell y, Lun<lberg, Monsees , Nelson

The object of the work offered in the
Electrical Engineering Department is to develop a thorough understanding of the laws
and principles on which electrical engineering is based, and to introduce the student to
present-day electrical engineering practices.
The laboratory work supplements the
classroom work and gives the students a better understanding of how different types of
equipment operate together in a system.

In the well-equipped electrical laboratories, the student works with circuit elements
and instrumentation, with electronic control
and communication equipment, with transformers and rotating electrical equipment
a nd wi th feedback syS t ems.
Analog and digital computers and an AC
system analyzer are available for classroom
work as well as student research.

Curriculum in Electrical Engineering
140 Semester Credits Required for the Bachelor's Degree
Freshman Year
Mathematical Analysis I-II, Math 155-165 ..
General Chemistry, Ch 164-173 .
English, 103 -203 or I 13 -2IJ3 or 143-203 ...
General Physics I, Phy 195
Engineering Graphics I, EG 113 .
·!·Non-technical El<.:cti ves
.. .................. .
Phy~ical Education, HPER Jill
Orientation for Engineers, GE I 00

F

s

5
4
3

5

Sophomore Ycar
Mathematical Anal vsis III, Math 254
Differential Equatic.>ns , Math 333
Electric Circuits I, EE 214
Statics and Drnamics, EM 213-223
General Ph ysics II, Ph y 215
Atomic Physics, Phy 373
Principks of Economics I, Econ 203
Fundamentals of Speech, Sp I 03
Electrical Materials I, EE 222
Computer Programming, GE 291
-!-Non-technical Electives ............................. .

F

Junior Year
Electric Circuits II-III, EE 313 -333
Advanced Engineering Mathematics,
Math 393 .. ..................................
Analytical Thermodynamics, ME 313
Electronics I anJ II, EE 323-344 ......
Electronics Lab II , EE 351 .... .......
Electromagnetic Field Theory I, EE 363 ....
Measurements, EE 362
·!·Non-technical Electives .... ........ ... ...·........ ....
AJvanceJ Exposition , Engl 350

F
3

2
4
2

4

Senior Year
Electrical Materials II, EE 472 ... ... .
Computer Engineering. EE 442
... ..
Electromagnetic Field Theory II, EE 37 3 ..
Energy Conversion I, EE 454 .... .. ..............
Energy Lab, EE 461... .... ..
Control Lab, EE 481
............... .......
Linear Control Systems, EE 483 ......... ........
Engineering Economy, GE 402 .
tTcchnical Electives ··························-·········'·
t Non-technical Electives ..............................
Inspection Trip, EE 400 .......... ·- -··-- - ····-

F

s

3

3

5
3
1
1
0

s

4
3

3
5

4
3
3
3

3

2

s
3

3

3

3
4
1

3

2
2

3
4

1

4
3
0

I
3
2
6
3

Suggested Technical Electives
Communications, and Advanced Electronics Credits
Ekctronics III , EE 444 .
............................... 4
Co111munication Systt:ms, EE 623 .......................... 3
Digital Logic. EE 663 ....................................... 3
Engineering Stati~tics, Math 413
.... ............ ....... 3
Computers - Data Processing Systems
Credits
Electronic s III , EE 444 ....................
4
Digital Logic, EE 663
..... ... ................. 3
Nurnerical Analysis, Math 603 .
................ 3
Bioengineering
Credits
Biomedical Electronic~. EE 602 ..
··················· 2
Biomedical System s Anal y~ is , EE 622
2
Anatom\' , Z 203
... ................ 3
Ekmentary Organic Chemi~tr y, CH 134
4
Mammalian Ph ysiology, Z 3lH ......... ....... .
4
Advanced Control Systems
Biomedical Systems Analysi~. EE 622 .....
Nonlinear Analysis , EE 632
Advanced Control System~, EE 693
Numerical Analy~is, Math 603

Credits

2
2
3
3

Power Systems
Credits
Power System Analysis, EE 452
2
Electrical Insulating Materials. EE 612
2
Symmetrical Components, EE 662 ...... ....... .
2
Power System Stability, EE 672 ............ ........ 2
Engineering Statistics, Math 413 .......... .
3
In<lustrial Engineering, ME 37 3
3
Materials
Credits
Physics of the Solid State. Phy 443 .
3
Electrical Imulating Materials, EE 612
2
Direct Encrl{y Conversion, EE 692 ....
2
Metallurgy, ME 383 .............. .............. ...
3
Elementary Organic Chemistry, Ch 134 ...
4
Heat Transfer, ME 343 ...................... ..... ............. 3
tAt least 14 rredit hours of non•techn ica l ckcti\'es mmt he
selected from the list of Appro \'ed Human istic and Sor ia!
Science Electives for Students enrolled in the College of En •
gineering appearing on pages 2i• 2R of this secti o n .
Tcchnilal elccti\'es will usu,dl y be selected from the li st of
technical Electi\'es shown . In special cases a progra m
of courses in the biological scien ces or the earth science,
can be suhstituted .
The program of both no n•techni cal and technical elccti\'es
should have the appro\'al of the Electric al Engineering
Department head .
Four credits of ROTC may be substituted for four credits
of non•technical electives.

Engineering
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Microwaves - Field Theory
Credits
Microwave Theory, EE 643 ······· ················--···-····· 3
Microwave Measurements EE 653 ........................ 3
Electromagnetic Radiating Systems EE 683 ...... 3
Advanced Calculus, Math 623 ................................ 3

363 Electromagnetic Field Theory I 3 (3,0) S
Laws and general concepts of electromagnetic
fields using vector analysis development of forces
and torques in such fields, and the general features
of energy flow, energy transfer, and energy conversion. P, 214.

UNDERGRADUATE COURSES

373 Electromagnetic Field Theory Il 3 (3,0) F
Magnetostatics, and electromagnetic induction.
The condition at a boundary surface. Maxwell's
equations, wave equation; propagation. P, 363.

214 Electric Circuits I (4,0) FS
Electric circuit concepts, topology and theorems,
mesh and nodal equations, steady-state and transient
analysis. P, credit or concurrent registration in Math
254 and Phy 215.
222 Electrical Materials I 2 (2,0) FS
Structure of matter-electrical, magnetic. mechanical, and thermal properties. P, Ch 164, EG 113.

393 Electronic Instrumentation 3(2 ,2)
Electronic measuring instruments; basic transistor
and vacuum-tube circuits; amplifiers, oscillators,
control circuits; transmitters, telemetry systems, receivers and recorders . For non-engineers. P, Math
133 and Phy 104 or equivalent.

303 Electric Circuits and Equipment 3(2,3) S
Electric and magnetic circuits; electric equiment.
For non-electrical engineering students. P, Math
254; Phy 215.

400 Inspection Trip 0(0,0) F
Trip of about one week to some industrial center
such as Minneapolis, Milwaukee, or Chicago. P,
senior standing.

313 Electric Circuits II 3 ( 3,0) FS
Coupled circuits, resonance, matrix analysis, singularity functions, Fourier series and intergral. P,
214.

410 Special Electrical Problems 1-3
(On sufficient demand)
Special problems assigned in the field of electrical
engineering. P, consent of instructor.

314-324 Basic Electrical Engineering I and II
4 (3,3) FS
Laws of electric and magnetic fields and circuits.
Measurements of electric and magnetic properties,
electric circuit analysis, single and polyphase, A.C.
circuits, network equations. Resonance and coupled
circuits, Fourier series, characteristics of electric
motor, generators and other equipment used in applying electric power to mechanical drive. Electronic
tubes, transistors and the basic electronic circuits
with emphasis on control devices . For non-electrical students. Math 254; Phy 215.
323 Electronics I 3 (3,0) F
Analysis of electron tubes, solid state devices, and
circuits. P, EE 214.
333 Electric Circuits m 3(3,0) S
Laplace transforms, two terminal pair networks,
electric filters. P, 313.

341 Electronics Laboratory I 1 (0,3)
Experimental analysis of electron tubes, solid-state
devices, audio amplifiers. Concurrent with 323.
344 Electronics II 4 ( 4,0) S
Multi-element devices, amplifiers, detectors, modulators, controlled rectifiers; intrcxluction to digital
logic. P, 323.
351 Electronics Laboratory II 1 (0,3) S
Experimental analysis of modulators, detectors,
R.F. amplifiers, video amplifiers and electronic test
equipment; emphasis on design of semiconductor
circuits . Concurrent with 344.
362 Measurements 2 (1,2) FS
Methods of measurement, theory of electrical instruments, measurement errors, treatment of data.
P, 214.

442 Computer Engineering 2 ( 1,3) F
Analog computer problem planning and programming, digital computer applications and design. P,
344 .

444 Electronics m 4(3,3) S
Oscillators, wave shaping, digital computer circuits. P, 344.
452 Power System Analysis 2 (2,0)
(On sufficient demand)
Methods of analysis of power system components
operating together in a power system. Introduction to unbalanced system conditions. P, 454.
454 Energy Conversion I 4 ( 4,0) F
Application of basic engineering laws and concepts in analysis of energy-conversion systems and
devices, and energy transfer devices. P, 363.
461 Energy Laboratory 1 (0,3) F
Experimental work with energy transfer and energy conversion devices. Concurrrent with 454.

462 Energy Conversion II 2 (2,0)
Characteristics of D.C. and A.C. machines, selsyn
:ind amplidyne, and analysis of response of machine
to operating conditions. P, 454.
472 Electrical Materials II 2 (2 ,0) FS
Semiconductor and junction theory, electron emission. P, 363; Phy 373.
481 Control Laboratory I (0,3) S
Control system components, system studies project. Concurrent with 483.
483 Linear Control Systems 3 (3,0) S
Study of feedback control systems by operational methods, the classification of control systems,
and the equalization of control systems. P, 333 and
Math 393.
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GRADUATE COURSES

602 Biomedical Electronics 2 (2,0)
Design anc.1 operation of basic biomedical electronic
instrumentation. Measurement anc.l continuous monitoring of physiological va riables: EKG, body temperature, blood pressure, etc. Data acquisition, telemetry data and reduction techniques. P, 393 or 323
or consent of instructor.

603 Linear Network Theory 3 (3,0)
Laplace transform theory, matrix analysis and
complex variable theory as applied to problems in
circuit analysis. Topology, network theorems and
network functions . P, consent of instructor.

610 Special Electrical Problems 1-3
(On sufficient demand)
Special problem assigned in the field of electrical
engineering. P, consent of instructor.

612 Electrical Insulating Materials 2 (2,0)
Organic and inorganic insulating materials, relation of atomic structure to properties, dielectric characteristics and measurements, life evaluation, radiation effects. P, consent of instructor.

613 Network Synthesis 3 (3,0)
Modern methods of network synthesis applicable
to equalizers, filters and delay lines. P, 333 or
equivalent.

622 Biomedical Systems Analysis 2 (2,0)
Engineering concepts appliec.l to the study of biological systems. Modeling of representative biological
systems and analysis using techniques developed in
the engineering disciplines. P, 333 or equivalent.

623 Communication Systems 3 (3,0) S
Information transmission, modulation, sampling
theory, noise sources, introduction to statistical
theory of communication. P, 333, 344.
632 Nonlinear Analysis 2 (2 ,0) (Offered 1n 1969)
Numerical, graphical and analytical methods of
analysis. Singularities; systems with varying coefficients, stability of nonlinear systems, describing function methods. P, 603 or equivalent. Alternate years.

663 Digital Logic 3(2,3) or 3(3,0)
Logic functions; design and minimization of
combinational and sequential circuits. P, 344.
672 Power System Stability 2 (2,0)
Inertia constant, swing-curves, equal area criterion,
as applied to transient stability studies. P, consent
of instructor.
673 Transistor Circuit Design I 3 (3,0)
Analysis and design of transistor circuits with
and without feedback. Gain sensitivity studies, fieldeffect transistor circuits. P, 344 or equivalent.
683 Electromagnetic Radiating Systems 3 (3,0)
(Offered in 1969)
Electromagnetic waves; Poynting vector and the
flow of power; guided waves; wave guides; radiation and radiation impedance; ground wave propagation; sky wave propagation. P, 373. Alternate
years.
692 Direct Energy Conversion 2 (2,0) (Offered in
1969)
Basic principles and design equations of thermoelectric and thermionic devices, magnetohydrodynamic converters, solar cells, and fuel cells. P, 454;
ME 313. Alternate years.

693 Advanced Control Systems 3 (3,0)
State variables in linear and nonlinear system de~ign. Sampled data systems. multiple input-output
systems, optimization methods. P, 483 or equivalent.

700-701 Seminar 0(1,0) 1(1,0) FS
Reports and discussions of current research in
electrical engineering.
713 Advanced Circuit Theory I 3 (3,0)
Application of classical mathematics to circuit response with various driving functions. P, 333.
723 Advanced Circuit Theory II 3 (3,0)
Circuit and system response with emphasis on
operational methods of analysis. Heaviside's method,
Laplace Transforms, Analog computer as a tool in
analysis of transients. P, 713.

633 Computer Analysis of Power Systems 3 (3,0)
Concepts used in formulating load f-low and fault
~tudy problems for computer ~olution . P, consent
of in~tructor.

733 Statistical Communication Theory 3(3,0)
Synchronization methods, signal analysis , detection and estimation theory. P, 623.

643 Microwave Theory 3 (3,0)

743 Advanced Electronics 3(3,0)
Molecular and plasma electronics, masers and
lasers, electronics systems engineering, communication theory.

Theor\' of trammis~ion lino, re~onant c;l\·itie~.
wa\'egui;le iunctions, and components. Acti\'e devices, laser~. masers. P. 37 3. Alternate year~ .

653 Microwave Measurements 3 (2 ,3)
Microwave techniques, devices, transmission lines,
and in~trumentation. P, 37 3.
662 Symmetrical Components 2 (2,0)
Application of symmetrical components to simple
three phase circuit, unloaded systems, loaded systems.
Symmetrical component impedances. Use of network analyzer in analysis of symmetrical components.

773 Transistor Circuit Design TI 3 (3,0)
A continuation of F.E 673 with major emphasis
on new semiconductor devices, oscillators, moclulators and mixers. P. 67 3.
790 Thesis in Electrical Engineering 5-7 as arranged

Engineering
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Engineering Shops (ES)
Professor Anderson; Assistant Professors W akeman , Svec

Engineering students may take certain
courses in the Engineering Shops in order
that they may have an opportunity to become acquainted with the various industrial
processes which are closely associated with
practical applications of the principles of engineering. In working with the machine tools
and other equipment the student will acquire some understanding of the properties
of materials, and various treatments of materials for specific operations and purposes.
The Engineering Shops are well equipped
with precision measuring instruments, machine tools and welding equipment representing recent engineering developments in
metal processing.
Facilities for research are provided for in
the metal processing field and for the construction of experimental equipment for
other enginering departments.
UNDERGRADUATE COURSES
121 Machine Shop l (0,3)
Machine tools and their use in industry, principles
of operation, production methods and related equipment. Introduction to jigs and fixtures.
131 Welding l (0,3)
Science of joining metals. Lectures, demonstrations and exercises. Gas and arc welding, cutting,
heat treatment, spot welding and related information.
141 Machine Shop l (0,3)
Closer study of more complicated processes in volving operation of machine tools. Introduction to
tool and die work and methods of inspection . P, 121.
151 Welding l (0,3)
Lectures and exercises in practical application of

arc and gas welding, position welding, pipe weld ing and joining of non-ferrous metals. Identification
of metals. P, 131.

201 Machine Shop Problems l (0,3)
Specialized stud y, particular problems with emphasis on tool making and solution of individual
problems in set up work. P, 141 or 221.
221 Metal Processing l (0,3)
Lecture and laboratory class to acquaint engineering student with meta l processing in relation to engineering science. Problems and their solutions as
related to industrial machine tools and other production equipment, automation, numerical control,
and introduction to metal casting. P, registration in
engineering.
231 Metal Processing I (0,3)
Engineering approach to science of joining metals.
Capabilities and limitations of present equipment.
Brief introduction to metallurgy, heat treatment of
steel and characteristics of other metals and alloys.
Gas welding, arc welding and related equipment.
P, registration in engineering.
241 Shop I (0,3)
Use of sheet metals in manufacture of electrical
equipment. Layout, punch press dies, spot weld ing, soldering and mechan ical meth ods of fastening
~heet metal. P, EG 112.

252 Welding and Metallurgy 2 ( 1,3)
For technical students. Enough metallurgy 1s included to give student basis for determining whether
or not welding can be applied, and to predict success
or failure . Emphasis placed on practical application
and laboratory time devoted to operation of weld ing equipment. P, 15 1.
263 Machine Shop Processes 3 ( 1,6)
To acquaint student with management, machines,
and methods of production. Designed to give clear
picture of necessary operations from design to finished product. Laboratory time used for student
operation of hand and machine tools. P, 201.
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General Engineering (GE)
Administrative Committee: Dean of Engineering; Professors Fitchen, Froslie, Johnson, Moe, Sandfort;
Associate Professor Skubic

Several engineering courses are fundamental in the curricula of all the engineering
departments. These courses are listed under
General Engineering.
UNDERGRADUATE COURSES

GE 100 Orientation for Engineers 0 ( 1,0) F
GE 291 Computer Programming
Flow charting. programming using a high level
language (FORTRAN). Introduction to machine
operation. A background in algebra is assumed.
Provides the student with sufficient programming
skill so that he may utilize the computer in a wide
variety of fields requiring mathematic manipulation.
GS / GE 333 Computer Operation
Detailed machine · language programming. Internal functions of digital computers. Intended for
engineers or mathematicians who expect to design
or program digital computers _as a career.
GS / GE 343 Computer Languages
A broad survey of several programming languages. File organization. Data storage and handling.
Not a programming course , hut · rather a course for
any student wanting a background in the state of
the computer art.
GE 402 Engineering Economy 2 (2,0) FS
Economic aspects of engineering, cost estimating
and financing. P, senior standing.

Engineering Graphics Section (EG)
Associate Professor Skubic; Assistant Professor
Applc:ton ; Instructor Elsing

EG 113 Engineering Graphics I 3 ( 1,6) FS
Analysis of Projection. Methods of system:itic
repre~entation of data, problems. and shapes. Functional ~,ales, mathematical chart~ and graphs. In ~trurnent drawing, ~ketching and slide rule practice. P, Math 113, 133 or equivalent.
EG 122 Engineering Graphics II 2 (0,6) FS
Analysis of points, lines, and planes related to

solids, vector geometry, developments. Graphical
conventions and applications as expressed through
free hand technical sketching. P, 113.
EG 222 Architectural Drafting 2 (0,6) S
All phases of frame building construction. Practice in modern drafting procedures. Student will be
given opportunity to plan and design a building of
his choice. P, EG 1 I3 or consent of instructor.
EG 231 Technical Sketching l (0,3 FS
Engineering interpretation and expression as developed through free hand sketching of orthographic
and pictorial representations related to intricate
geometric shapes, assemblies, exploded views, diagrams, and design. P, EG 113.

EG 233 Machine and Tool Drawing 3 ( 1,6) F
Representation of machine elements and assemblies. Functional dimensioning, drafting simplification, design of jigs and fixtures. P, EG 113, ES 121.

EG 242 Graphic Mechanisms 2 (0,6) S
Fundamentals of linkages, displacements, cams
and gears. Analysis of manufacturing methods, velocities, accelerations, and inertia forces in machines.
P, EG 113; Math 145 or 133.

Engineering Mechanics Section (EM)
The objective of the course offerings in
the area of Engineering Mechanics is to develop the educational background of the students by deepening their understanding of
the basic subjects in Engineering common to
various branches of Engineering. The courses
in this area are designed to emphasize the
basic theory in each subject and to present
adequately its applications in different areas
of Engineering.
See course listings and descriptions under
CE department, page 11, and ME department, pages 22-23.
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Mathematics (Math)
A ~~uciate Proft:~~or Richard ~; Profrssors Engebret so n , Kra nzler , Mad)ouga!, Milic, Walder, Wente:
A~~tK iate Pro fr~~or~ Sch o lten , Scribne r; A,~ i~ta nt Profo,o r, A ,-er~ ( On k a n :) , Bryn (On k a ,-c), Kund e!.
Monahan ( On lea\'e ) , Nebon, Yorn111 ( On ka\'e ); l m tructor~ Brmcha t, Carl to n , Cln e r, OI M>n , Struck.
Trapp

The curriculum leading to a Bachelor of
Arts or Bachelor of Science degree, with a
major in mathematics, wilt be found in the
Arts and Science catalog. The degree is
granted in the College of Arts and Science.
UNDERGRADUATE COURSES
113 Algebra 3 ( 3,0) FS
Basic concepts of set theor y, ordered pa ir~. rela tion s, the functio n w ncept, and graphical co nsidera tion s. A logica l d n cl opment of the p ro pc rti e~ of real
numbers , exponenb. po lyno111iab, fa ctoring, algebraic expre ~~i ons, linea r a nd qu adratic c.: quations ,
in equalities and g raphing. P , l unit o f hig h ~ch ool
al ge bra.
133 Plane Trigonometry 3 (3,0) FS
Functio ns o f ac ute :i ngl e, solu tio n o f right ancl
ob liq ue tri:i ngle s, g eneral app lica tio ns o f tngo no m etry. P, I 13 o r equi vale nt.
143 Analytic Geometry 3(3 ,0 ) FS
Co-o rd inates, loci, straig ht line, circle , pa rabo la,
ellipse, h yperbo la , space geometr y. P, 113, 133 or
equi valent.
145 Algebra and Trigonometry 5 ( 5 ,0) FS
Real numbers and elementary properties, sets ,
fun cti o ns and graph s, qu adratic equ a tio ns, trigono metric functi o ns, trigonome tric equ :i ti ons, periodi city, in verse functi o ns, m ath em a tical indu ctio n,
compl ex numbers , pa rtial fract io ns, d eterm ina nts ,
log:irithm s, and th eo ry o f eq uat io ns. P, I ½ units o f
Hi gh Sch oo l A lgeb ra . C red it w ill n ot be all o w ed fo r
both Ma th 1-1 5 a nd th e 113- 13 3 ,e ri e,.
155-165-254 Mathematical Analysis I, II, III fSSu
(Required in Engineering)
An a lys is of ,traig ht lin e , limit,. d eri vati ve, of
algebraic function ~, m ax in1 a a nd rnin im a, ra tes,
cur ve tracing. d ifferenti a l~, integra tio n , Mea n Va lue
Theo rem . d efinit e integ ra l~, pola r cun"C,, co nic sec tion s, topics in ,o lid an a lytic geo m etr y, tra n ~cencl en ta l functi om , L' H op ita l\ rule , pa rti al d e ri va ti ves,
leng th of a rc , multi p le integ ra ls, h yperbo li c fun ction , infinite seri es, vecto rs, a nd applica tio n . P, 2
units of High Sch ool Al geb ra a nd ~~ unit of T r igo nom etr y along with good hi g h ~chool record , o r
Math 145.
213 Descriptive Astronomy 3 (3,0) S
Introd uctory co urse. P , know ledge o f pla ne trigonometry.

225 Mathematics for Social Sciences 5 ( 5 ,0) S
Function s, limits, calculu s of alge bra ic fun ction s,
elements of lin ear a lgebra , applica tion s. P, 145. C redit will not be a ll ow ed fo r bo th Ma th 225 and th e
155-2 54 series.

313 Topics in School Mathematics 3 (3 .ll) Su
Symbolic logic, set theor y, functions, groups,
ring s, fields and related topic s as the y apply to a
modern high schoo l program . P. Ma th 165 or
equi\'alc:nt.

314 Mathematical Statistics 4(4,0) S
N a ture of statistical meth od s, probability, frequ enc y di stribut ion an<l sampling theory for one
variable, co rreLttio n an<l regression , curve fitting,
~m a ll sample di stributi on, stati stical design in expc:r im ent s. P, 165 .

323 Mathematics of Finance 3 (3.0) S
A p pl ic:it1on o f algebra to problems in interest,
annuities, am o rtiz:i tio n, va lu :i tion of bone.ls, sinking
fun ds , an<l depreciatio n. P, 113, 133 or equivalent.

333 Differential Equations 3 (3,0) FSSu
Diffe rential equ atio ns with applications in fields

of geo metry, mechanics, and ph ysics. P, 254 .
343 College Geometry 3 (3,0) F
A m m lcrn approac h to plane geometry , both Euclid ean a ncl no n -E uclidean. P, 25 4 or co ncent of in~tructo r.

353-363 Higher Algebra I, Il 3 (3,0) FS
Properties of integral d o main and ordered domain,
number th eo ry, theory of groups, rings, fields, vecto rs, matrices, systems of equatio ns, an<l polynomials
o ver a fiel<l . P, 254 or co nsent of instructor.

393 Advanced Engineering Mathematics 3 ( 3,0) FS
D etermin a n ts, m :1tricc:s, m atri x algebra, complex
va ria bles, co nfo rm a l m aping , integratio n in co m ple x pla ne, F ouri er ~eri e,, elliptic integ rals, Lapl ace:
tran ~forms , vec to r al gebra a nd application s. P, 333 .

403 Advanced Analytical Geometry 3 (3 ,0) S
Co n ic sectio ns, im ·ar iants, tran sfo rm ation, poles
and po la rs, du al it y, a nd applica tion of coo rdinate
system s to g eometry o f 3-space. P, 254.

413 Engineering Statistics 3 ( 3 ,0) F
Theo rc:tica l treq ue ncy d1 ~tri b utio n, probability,
sampling a nd sampl ing d istrib uti o ns , sampling fr om
no rmal popul atio ns, app lica tion o f statistical tech n iques to eng ineering p robl ems. P, 254.

433 Laplace Transform 3 ( 3 ,0 )
(On sufficient demand)
Main fea tures o f Laplace transform theory. P, 333
or co nse nt of in structor.

490 Special Topics 1-3 ( 1-3,0)
In cl i,·icl ua l o r gro up stud y of spec ia l topics ari sing
out of preYi ous course wor k o r new <l e\' elop mcn b.
Limited to a to tal of 9 ho u rs cred it .
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tial differential equations of first and second orders,
applica tio n. P , 333.

603 Numerical Analysis 3(3,0) FS
Finite differe nces, inte rpo la tio n , ~u,nrn a tio n of
~cries, nu m erica l so lution of diffe re nti al equ a ti on s
a nd of ~y~ tcms of equ a tio ns, nu me rical integra tion.

644 Complex V ariables 4(4 ,0) F
Algeb ra o f co mpl e x numbe rs, cla ssifications of
functio ns, d iffe renti atio n , integration, mapping ,
tran sfo rm a tio ns, a nd infinite se ries. P, 254.

613 Theory of Probability 3 (3 ,0 ) (On demand)
Axio matic d eve lopm e nt o f proba b ility, ra nd o m
variables ancl th eir p robability distrib utio n s with
emph as is o n the b inomial and Poisson distributio ns ;
rand o m walks, Marko v chains and di screte stocha stic processes. P, 314 or 413.

653 Vector Analysis 3 (3,0) (On de m a nd )

623-633 Advanced Calculus 3 (3.o) FS
Infinite seri es, elli p tic integra h, Fo uri er series,
multip le in tegral s ; lin e , surface a nd space integral s,
o re! ina ry d ifferenti a I eq ua ti nns, Bessel functio n s, partial differe ntia l equation s, vector an ::i ly~i~. and probability. P, 254.
643 Partial Differential Equations 3 (3,0) S
Series, solutions, total differential equations, si multaneo us equations, approximate wlutions, par-

Vecto r a lge bra , vecto r functions, vector calculus
with e mph as is o n va rio m ph ysical applications.
P, 254.

663 Projective Geometry 3 (3,0) F
A sy nth et ic a nd / or a n a lyti c apµroach to gco 111t:tric
p roµe rt ies im·a riant under p roj ecti ve tra n ~fo r rn ati om:
th eore m s of Desa rg ue~. Pascal, Hrianc h on and aµpli cation s. P , 25 4 o r con sent of imtructo r.
770-780 Advanced Topics in Mathematics

1-3(1 -3,0) FS
Selected top ics in m a th e matics to lit n eeds o f
g rad uate stude nt. Limited to total of three credits.
P , co n se nt of staff.
790 Thesis in Mathematics 5-7 as a rranged
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Mechanical Engineering (ME)
l'rofc~~or~ Sandfort, Covert; Associate l'rofrs~ors Christianson, Eno, Juricic , Knofczynski, Wnuk :
Assi~tant Professors Lum sdai ne , Paradise; Instructor Goplen

Mechanical Engineering may be classified
into three major divisions. First the field of
heat power which is concerned with the conversion of energy to perform useful work,
and with the transfer and utilization of heat.
Another division is that of machine design
which involves the design and development
of machines, products and their components.
The third division, Industrial Engineering,
encompasses the areas of production, manufacturing, and the accompanying problems
and techniques of management.
Throughout all these fields the professional work of the mechanical engineer may vary
from the scientific specialization of research
and development, through the applied work
of consulting, design, application or operation, and on to work in sales, production
and management.
This curriculum is planned to give a thorough training in the basic sciences of mathe-

matics, chemistry and physics, and a well
balanced series of courses in mechanics,
metallurgy, machine design, thermodynamics, electrical fields and circuits, and others.
Opportunity is given in the senior year for
considerable specialization in various technical option areas according to the interests and
abilities of each student. These include aerona utics, energy conversion, industrial engineering, machine design, and nuclear engineering.
Throughout the curriculum, classroom
theory is supplemented with experimental
work in newly equipped laboratories. Design
classes are provided, where engineering fundamentals are applied to the solution of
engineering problems. Time is also provided
for the inclusion of required courses in the
humanities and social science areas so as to
provide a well rounded education.

Curriculum in Mechanical Engineering
140 Semester Credits Required for the Bachelor's Degree

Freshman Year
Mathematical Analysis I-II, Math 155-165 ..
General Cht?mistry, Ch 164 or 114 ········-··-··
English, 103-203 or 113-2 03 o r 143-203 -··
Engineering Graphics I-II, EG I 13-122 ···-··
General Physics I, Phy I 95 ··············-···-·-··-··
-I-No n-technical elec ti ves -·······-·-····--·······-·-·- -··
Physical Ed uca tio n, HPER IOI ··········---·---Orientation for Engineers, GE I 00

F

S

5
4

5

3

3

3

2

5
I

I

1
0

I

Sophomore Year

F

Mathematical Analysis III, Math 254 ·····-··
General Physics II, Phy 2 I 5
General Chemistry, Ch 173 o r 134 ··· ··-······
Stat ics, EM 213 ······-················-·--·--··········-·--··
Metal Processing, ES 221-23 I
Co mputer Programming, GE 291 ···············Differential Equations, Math 333 ....... ·····-··
Dynamics, EM 223 ··-·········----···-··-···-·········---Engineering Materials, ME 213 ·-·-· ·········--·
Fundamentals of Speech, Sp 103 ············--··
Atomic Physics, Phy 373 ·--··· ·· -·· ····
I Non -tcchnii;al electives ---·····-·-···-···········-·--··

4
5

Junior Year
Mechanics of Materials, EM 313 ... . .. .....
Principles of Economics I, Econ 203 .......
Flui<l Mechanics, EM 323 ·· ·-· ··-·-·····-·····
Metallurgy, ME 383 . ...... --··· --··········-·-·---A<lvance<l Exposition , Engl 350 ---···-···-··--·-·

3-4
3
I

S

I

I
3
3
3
3
3
I

F
3
3
3
3
2

S

Thermod ynamics I-II, ME 324-333
4
Mech a nisms, ME 353 ·-·-·-·-··-···--···-··-········--Heat Transfer, ME 343 .............. ········-····-·
Mechanical Engineering Laboratory I,
ME 311
.. ······----····---··· ···---···--····-------·
1Technica l Electives ····--····--·····-·-··---····-·····-··
·I-Non-technical Electives --··-·-····-····-·······----·-

3
3
3

Senior Ycar
Design of Machine Elements, ME 434 ----·
Mechanical Engineering Laboratory II,
ME 421 .... ···· ··-···--·--·---······- -· ·-----·-······-·--Basic Electrical Engineering 1-11,
EE 314 -3 24
····· ···· ·--···---·-·-·······----··-···
1Technical Electives ····-·-·······--···-----····-········1-Non-technical Electives ··-·-·····--···---··-·--··-· ---Inspection Trip, ME 400
····-····-···· · ··· ····Mechanical Engineering Laboratory III,
ME 431 ·-··---·--·-··---··-···---····--·--·---···-----·--·---

S

F

I

5
3

4

4

4

3

6

6

fi

0

tNon-technica l electives arc provided to strengthen cultural
growth and education in the humanistic and socia l ~cience
a reas. At least IS credit ho urs must be se lected fro m the represe n tative list show n on pages 27-28 of this sectio n, and
shou ld be a logica l and purposeful select io n having the
approval o f the ME Department Head.
tTime for an optional technical elective program is provided
which will be planned and coordinated according to the interest and aptitude of the student. Technical electives must
be approved by the Department Head and will include at
least 14 c redit ho urs , and mu st include ME 452, Machine
Desi~n, or another design course.
Four c redits of ROTC ma y be substituted for n on -tech ni cal
electives .
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SUGGESTED TECHNICAL ELECTIVES

Aeronautics
Credits
Aerod ynamics, ME 493 ------ ---------------------------- -------- 3
Advanced Engineering Math, Math 393 __ ____________ 3
Advanced Fluid Mechanics, EM 623 _________ _________ 3
Gas D ynamics I, ME 663 ------------ -------- ------------------ 3
Energy Conversion
Refrigeration and Air Conditioning, ME 433
Heating and Air Conditioning Design, ME 442 __
Internal Combustion Engines, ME 463
Power Plant Engineering, ME 473 ____ _______________ ___
Steam and Gas Turbines, ME 483 __ ____ _____ _____ ___ ___
Industrial Engineering
Industrial Management, ME 373 ______ ____ _____ ___________
Methods Engineering and Work Measurement,
ME 312 --- ----------- ---- --------------------- ----------------------- -Analysis and Design of Industrial Systems,
ME 423 __________ ______ ------- ---------------- -----------------------Engineering Statistics, Math 413 ---- ---- ------ -------- ---- Quality Control and Reliability, ME 633 __ _
Introduction to Operations Research, ME 643
Topics in Reliability Engineering, ME 693_ .--- ·---·

3
2
3
3
3
3
2
3
3
3
3
3

Machine Design
Machine Design, ME 452 -------------------·------·------ __ __ 2
Vibrations, ME 323 ---------- -·------------ ---· ------------ ------ -- 3
Automatic Controls, ME 363 ________ ____
3
Advanced Engineering Math, Math 393
3
Theory of Elasticity, EM 613 ___ --·- --- ---------------- ----- 3
Nuclear Engineering
Modern Physics I, Phy 383 ·--- -------- -------- ------ -------·
Modern Physics II, Phy 403 -- ------ -- ---------·-------- -----Reactor Physics, Phy 633 ·------------·
Advanced Engineering Math, Math 393 .. _

3
3
3
3

UNDERGRADUATE COURSES
213 Engineering Materials 3 (3,0) FS
Principles of material structures studied in sequence from atoms to crystals, to phases, to microstructures and finally to macrostructures. Theory of
mechanical stresses, thermal reactions, corrosion,
electromagnetic fields, and radiation. P, ES 221;
Ch 173.

303 Thermodynamics 3 (3,0) FS
Terminal course for nonmechanical engineering
students. Properties and fundamental equations of
gases and vapors. Thermodynamic cycles and their
application . P, Phy 215; Math 254.
311 Mechanical Engineering Laboratory I l (0,3) FS
Principles of measurement as applied to electrical.
mechanical, pneumatic and hydraulic systems. Introduction to instrumentation for measurement of
viscosity, temperature, pressure, velocity, acceleration and displacement. Calibration of testing equipment, measurement, and data interpretation. Application of strain gage instrumentation for measurement of stress -strain relationships. P, 32--1.
312 Methods Engineering and Work Measurement
2(0,4) F
Design of work methods and measurement of
work in industrial enterprises. Rigorous engineering
approach to design of work methods. Methods of

setting time standards including stop watch time
study, work sampling, predetermined motion times,
and standard data. P, 373 or consent of instructo r.

313 Analytical Thermodynamics 3 (3.0) FS
Thermod ynamic properties, gases and vapors, liquids and solids. Introduction to kinetic theory and
statistical mechanics. Transport phenomena. Quantum statistics and partition functions. Terminal
course for non-mechanical engineering students desiring a rigorous course including both microscopic
and macroscopic systems. P, Phy 215; Math 254.
323 Vibrations 3 (3 ,0) (On sufficient demand)
Free, forc ed and transient vibrations of undamped and damped systems with one degree of
freedom. Vibration measurement, transmi ssion and
isolation . Nonlinear effects and application of analog computer technique. Multi-degree-of-freedom
system s; application of matrix methods and Lagrange's equations. Vibration of continuous systems:
approximate solution s. Introduction to random ,·ibrations. P, Math 393 , EM 223.
324-333 Thermodynamics I and Il 4(4,0), 3(3,0)

FS

Thermodynamic properties of gases, vapors, and
mixtures. First and Second Laws of Thermodynamics. Availability. Combustion stoichiometry and
equilibrium. Engineering applications of the basic
laws of thermodynamics to compressible fluid flow
systems, nozzles and turbines, power cycles, internal combustion engines, refrigeration systems and
air conditioning. P, Phy 215.

343 Heat Transfer 3 (3,0 ) FS
Theories of conduction, radiation, and convection
and their utilization in engineering applications. Introduction to transient conduction anJ numerical
analysis. P, Phy 215; Math 333.

353 Mechanisms 3(1,--1) S
Analysi s of motion and design of linkages, cams,
belts, gears, gear trains, and planetary gears . Graphical solution of velocities, accelerations, forces, inertia forces, and balancing of various machine elements. P, Concurrent with EM 223 .

363 Automatic Controls 3 (3 ,0)
(On sufficient demand)
Basic 1nodcs ,,t control, control components and
control ~\'~tern~ . Stcach·-statc anah·~is of wstems. La place Tr:1n~form and · transfer f~nctions _- Dynamic
analy~is of ~y~ll'm by root-locus and frequcncy-re ~pon~e methods . Change of sy~tem performance. Applic1tio11 to hydraulic . pneumatic and electrical ~y~tcms. Analog simulation of sy~tems . P , Math 333 ,
EM 223.

373 Industrial Engineering 3 (3.0) FS
General introduction to modern industrial management. Broad view presentation of planning, organizing, and directing of industrial enterprises.
Principles of accepted management practice and new
quantitative analysis techniques. Applications to con crete examples and situations. P, senior standing,
GE 291.
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383 Metallurgy 3(3,0) FS

442 Heating and Air Conditioning Design 2 (0,4) S

Crystalline structure and physical properties of
metals, phase transformation Jiagrams, effect of mechanical or thermal treatment on grain structure of
ferrous and nonferrous alloys. Experiment designed
to show general fundamental principles and present
necessary techniques of metallography. P, 213.

Principles of heating, ventilating and air conditioning systems in current use. Heat loss and gain
computations. Design and layout of heating and air
conditioning systems. P, 433, or consent of instruc-

393 Engineering Analysis 3 (3,0)
(On sufficient demanJ)
Formulation and solution of engineering problems and the representation of physical -systems by
mathematical models. P, Math 393.

400 Inspection Trip (0) F
Inspection trip of approximately one week is
made to industrial area to observe and evaluate
manufacturing and inJustrial processes, operations,
and facilities of interest to mechanical engineers. P,
senior standing.

401 Seminar 1(1,0)
Individual reports and group discussions on current events and developments in mechanical engineering af!d related fields. P, senior standing.

410 Special Mechanical Engineering Problems
( 1-5) (On sufficient demand)
Elective course to provide opportunity for study
or investigation of special problem. Problems chosen
may be analytical, design, or laboratory studies.
421-431 Mechanical Engineering Laboratory Il and
ill l (0,3) 1 (0,3) FS
General Mechanical Engineering Laboratory, extension of ME 311. Application and experimental investigation of the laws of thermodynamics, heat
transfer, fluid mechanics, and mechanics. Systems
and components investigated include compressible
fluid flow, fans, compressors, nozzles and turbines;
reciprocating and jet internal combustion engines;
turbine; radiation, conduction and convection heat
transfer devices; refrigeration and air conditioning
apparatus, strain gage device, etc. P, 311, 333.

423 Analysis and Design of Industrial Systems
3 (3,0) S
Analysis of problems in product design and development, marketing, forecasting, capacity evaluation,
plant layout and materials handling from standpoint
of interrelateJ and integrated system. Design of
control procedures in general with special treatment
of production, inventory, quality and cost control
systems including computerized i"nformation systems. P, 373 or consent of instructor.

tor.

452 Machine Design 2 (0,6) S
Actual stress analysis and design of complex machines, using basic engineering concepts and modern industrial practices. Emphasis on originality and
creativity, with opportunity given to students to
select projects of particular interest. P, 434 .
463 Internal Combustion Engines 3 (3,0)
(On sufficient demand)
Theory, design and operation of spark ignition,
and compression ignition engines, air-fuel analysis,
combustion ffames, knock phenomena, air flow and
volumetric efficiencies and performance. P, 333 or
303.

473 Power Plant Engineering 3(3,0)
(On sufficient demand)
Design and operation of modern power plants;
power units and appurtenances; fuel handling and
storage; power generation costs in steam and diesel
plants, economics of design and operation. P, 333.
483 Steam and Gas Turbines 3(3,0)
(On sufficient demand)
Theory, design, and operation of steam and gas
turbines. P, 333.

493 Aerodynamics 3 (3,0) (On sufficient demand)
Airfoil characteristics, wing shapes, static and dynamic forces, viscosity phenomena, boundary layer
theory, flaps and slots, propellors, stability, control
and performance. P, EM 223; Math 333.

GRADUATE COURSES
600-601 Seminar 0 (1 ,0) 1 ( 1,0) FS
Reports and discussions of current research m
mechanical and industrial engineering.

610 Special Problems (l-5) (on sufficient demand)
Provides an opportunity for study or investigation of special problem or project at graduate level.
P, graduate standing or consent of instructor.

613 Advanced Analytical Methods 3 (3,0)

Principles of refrigeration and air conditioning.
Analysis of vapor compression and absorption cycles.
Introduction to thermoelectric cooling. Psychrornetrics. Steady flow processes involving air watervapor mixtures. P, 333 or 303.

(On sufficient demand)
Collocation ancl interpolation, Hermite method,
the least squares procedure. Orthogonalization and
Bubnov-Galerkin treatment. The variational approach, minimum energy principle and Ritz method,
Trefftz approach to the Dirichlet and Neumannboundary value problems. Poincare or "small paramf'ter" method and its modifications . Linear vector
spaces and approximation in Hilbert Space. Fo.rmulation and solution of finite difference equations. Infinite series approach. Introduction to integral equations. P, Math 623 or equivalent.

434 Design of Machine Elements 4(4,0) FS

633 Quality Control ·and Reliability 3 (3,0)

Properties of materials, fundamental mechanics,
working stresses, fabrication and proportioning of
part sizes involved in design of fastenings, shafting,
flywheels, gears, bearings, and other machine elements. P, EM 313, Concurrent with 353.

(On sufficient demand)
Application of statistical techniqu~s to the control
of quality and the development of economical inspection methods. Collection, analysis, and interpretation of operations data; control charts and sampl-

433 Refrigeration and Air Conditioning 3 (3,0) F
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ing procedure. Application of statistical methods for
life and reliability analysis in product design, production, and procurement. P, 373, Math 413, or consent of instructor.

643 Introduction to Operations Research 3 (3,0)
(On sufficient demand)
History and organization of operations research,
mathematical and statistical models in industrial decisions. The evaluation of alternatives by means of
linear programming, queueing theory, deterministic
and stochastic inventory models, game theory and
Simulation. Replacement theory, sequencing and
Basic PERT. P, 373, Math 413 or consent of instructor.
653 Advanced Metallurgy 3 (3,0)
(On sufficient demand)
Continuation of Course 383. Methods of metallurgical examination and mechanical testing. Heat
treating and surface hardening methods and techniques. Elasticity, plasticity, structure of alloys, high
temperature metals. P, 383.
663 Gas Dynamics I 3(3,0) (On sufficient demand)
Objectives, applications and scope of the subject.
Methods of fluid dynamics and thermodynamics.
Compressible flow in ducts, nozzles and diffusers.
Propagation of plane waves, shock dynamics, characteristics, interaction of waves. General theorems of
gas dynamics. P, 333, EM 323.
673 Advanced Engineering Thermodynamics 3 (3,0)
(On sufficient demand)
Review of classical thermodynamics. Principles
of kinetic theory and classical statistical mechanics.
Principles of quantum mechanics, quantum statistics, partition functions, and thermodynamic properties. Application of statistical thermodynamics to
gases, liquids, and solids. Chemical systems, fluctuations, and irreversible thermodynamics. P, 333;
Math 393 or consent of instructor.
693 Topics in Reliability Engineering 3 ( 3 ,0)
(On sufficient demand)
Probability concepts and typical models involved
in the statistical prediction of reliability. Methods
for estimating the required parameters from experimental data. Applicability of reliability and maintainability techniques in practice and a survey of
recent developments in the field. P, 633 or consent
of instructor.

703 Decision Theory 3(3,0) (On sufficient demand)
Examination and evaluation of mnclcrn techniques of decision making. Mathematical moclels and
measurement theory. Certainty, risk and uncertainty.
Prediction and optimal decisions. Game theory.
Simulated decision making. P, consent of instructor.
713 Systems Analysis 3(3,0)
(On sufficient clem:rnd)
Analy~i~ of indu~trial problems as sy~tcms oi scr,·icing stations with deterministic and stochastic inputs and service times using Queueing theory as a
principal approach. Development of theoretical models. Digital computer simulation of complex systems. P, 643 or consent of instructor.

733 Advanced Machine Design 3(3,0)
(On sufficient clemand)
Stress analysis, elastic energy theory, photoelasticity, curved beams, thin plates and shells, torsion, fatigue and stress concentration. P, 434; graduate
standing.
763 Advanced Heat Transfer I 3(3,0)
(On sufficient demand)
Presentation and discussion of Fourier's Conduction Law. Derivation of the general heat diffusion
equation. Advanced analytical methods of solutions
of boundary value problems of steady ancl unsteady
heat conduction and multi-dimensional heat conduction. Solutions for problems with distributed or
transient point, line or plane heat sources. Numerical and analogic techniques for problem solutions
and discussion of radiative heat transfer and some
problem solutions by network and determinant
techniques. Some discussion of space applications
of radiation heat transfer. P, 343; Math 393 or
consent of instructor; graduate standing.
773 Advanced Heat Transfer II 3 (3,0)
(On sufficient demand)
Presentation of equations of motion for viscous
fluids. Derivation of energy equation for viscous
fluids. Analyses of hydrodynamic and thermal boundary layers for forced and free convection. Heat
and momentum transfer analogies. Some exact and
some approximate analytical solutions. Consideration
of some special topics such as boiling, condensation and ablation and transpiration cooling. P, 343;
Math 393 or consent of instructor.
783 Gas Dynamics II 3 (3,0)
(On sufficient demand)
Continuation of Gas Dynamics I. Treatment of
two-dimensional and axially symmetric bodies in
subsonic, supersonic, and hypersonic flow. Development of Continuity, Motion and Energy equations
for each flow regime with subsequent solution for
velocity and pressure distributions by appropriate
perturbation methods and application of certain linearization theories. Consideration of both idealized
isentropic flows and presence of oblique shocks. P,
663.
790 Thesis in Mechanical Engineering 5-7 as arranged.

Engineering Mechanics Section (EM)
UNDERGRADUATE COURSES
EM 223 Dynamics 3 (3,0) FS
Vectorial kinematics and kinetics; ab~olute and
relative motion, force-mass-acceleration relatiom,
potential and kinetic energy, work and power, im pulse and momentum, conservation of energy and
momentum. Application to particles, particle systems and rigid bodies. Free vibrations of single-degrec-oi-ircnlom ~ptcrm. P, EM 213.
EM 323 Fluid Mechanics 3(3,0) FS
Fluid properties, statics, dynamics and thermodynamics of real and ideal fluids; laminar, turbulent,
compressible and incompressible flows. Euler, Bernoulli and continuity equations flow in channels,
conduits, and about immersed objects. P, EM 223.

Engineering
GRADUATE COURSES
EM 603 Introduction to Mechanics of a Continuous
Medium 3(3,0) (On sufficient demand)
The J.!eneral theory of a continuous medium . Kinematics of deformation and flow; stress tensors; conservation of mass, momentum and energy; invari- ·.
ance requirements; constitutive equations for solids
and fluids ; applications for special problems. P, Math
623 or Math 393 with consent of instructor.

EM 613 Theory of Elasticity 3 (3,0)
Analysis of stress and strain; equilibrium and
compatibility equations; Hooke's law; fundamental
problems in the theory of elasticity; plane-stros and
plane-strain problems of the narrow beam, rotating
c.liscs and a plate with a circular hole; elementary
three-dimensional problems of a beam in bending
and a prismatic bar under its own load; torsion
of prismatic bars; energy principles and their ap-
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plications. P, EM 313, Math 393 or consent of instructor.

EM 623 Advanced Fluid Mechanics 3 (3,0)
(On sufficient demand)
Fundamental notions of control volume, fluid
stresses, and velocity field; derivation of NavierStokes equations of motion; analysis of potential
flow theory and introduction to boundary layer
theory . P, EM 323, Math 393 or consent of instructor.
EM 633 Theory of Plasticity 3 (3,0)
(On sufficient demand)
Analysis of ~tress and strain ; plastic behavior of
materials ; basic laws of plastic flow; applications to
bending of beams, torsion of bars and thick walled
cylinders; slip line theory and its application to extrusion problems ; limit analysis theorems and their
applications to structural problems. P, EM 313, Math
393 or consent of instructor.

Physics (Phy)
Professors Froslie, Duffey, Graetzer, Miller, Parker, Williams;
Assistant Professors Lynch, Sippel, Tunheim ; Instructors Leisure, Schwartz

Two main objectives have been kept in
mind in the organization of the course work
of this department. First, it is intended that
the courses should meet the needs of students in the various Colleges of the University who need the basic subject matter of
physics in their chosen fields. Second, the
sequence of courses makes it possible for a
student to complete a strong major in physics. The department is well supplied with
laboratory and lecture demonstration equipment and other facilities in support of these
objectives.

Two curricula in physics are offered, one
in engineering physics and the other in the
College of Arts and Science with the major
in physics. S~udents expecting to enter a
career in industrial work should consider the
curriculum in engineering physics while
those expecting to enter the teaching profession should consider the curriculum leading to a major in physics. The curriculum in
engineering physics is listed immediately below. The curriculum in physics will be found
in the College of Arts and Science portion
of the catalog.

Curriculum in Engineering Physics
140 Srmester Credits Requind for the Bachelor's Degree
Freshman Year
Mathematical Analysis 1-11, Math I 55-165 ..
General Chemistry, Ch 164 or 114, 173 or
134 .... ·· ········································· ···············
English, Engl 103, 113, or
Fundamentals of Speech, Sp 103 ..............
Engineering Graphics I, EG 113 ................
Fundamentals of Speech, Sp 103 or
English, Engl 143 ....................................
General Physics I, Phy 195 .................... ........
i'Non·technical Electives .............................
Physical Education, HPER IO I ..................
Orientation for Engineers, GE 100

F
5

S
5

4

3-4

3
3

3
1

5
1

1

1

0

Sophomore Year
F
Mathematical Analysis III, Math 254
4
General Physics II, Phy 215 ... ..................... 5
Differential Equations, Math 333 ................
Statics, EM 213 ..............................................
Introduction to Literature, Engl 203 ... .....
Atomic Physics, Phy 373 ............................

S

3
3
3
3

Technical Sketching, EG 131 ................... .
Principles of Economics I, Econ 203 ........ 3
Electric Circuits I, EE 214 . ................. .... .
Metal Processing, ES 221 or 231
1
i·Non-technical Electives .............................. 4

Junior Year
Classical Theoretical Physics, Phy 354 ........
Optics, Phy 313 ........................................... .
Advanced Laboratory I-II, Phy 321-331 ....
Thermodynamics and Statistical Mechanics
Phy 323 ....................................................
Electrical Measurements, Phy 341 ...... ....... .
Modern Theoretical Physics, Phy 364 ....... .
Computer Programming, GE 291 ········-··-····
Advanced Engineering Mathematics,
Math 393 ..................................................
English, Engl 303 ........................................
D ynamics , EM 223 ....................................... .
1-Non-technical Electives ..............................
iTechnical Electives ......................................

F

4

s

4
3

1

1

3

1

4
3
3
2 ·

3
3
3
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Senior Ycar
Modern Physics II, Phy 403 ··---------------------Theory of Electricity, Phy 4 I 3 ___ _
Advanced Laboratory III-IV, Phy 4 I 1-42 I __
Electronics I, EE 323 ------- ----------------------------Electronics II, EE 344 ---------------------------------Ph ysics of the Solid State, Ph y 443 ______________
i-Technical Electives -------------------------------------t Non -technical Electives ---------------- --------------

F
3
1
3
3

4
4

S

3

I
4
6
3

TECHNICAL ELECTIVES
Fluid Mechanics, EM 323
Heat Transfer, ME 343
Metallurgy, ME 383
Engineering Anal ysis, ME 393
Engineering Materials, EE 222
Basic Electrical Engineering, EE 314
Electronics III, EE 444
Electromagnetic Field Theory I-II, EE 363-373
Mathematical Statistics, Math 314
Electronics Lab I, EE 341
Microwave Measurements, EE 653
Higher Algebra I and II, Math 353 and 363
Engineering Statistics, Math 413
Laplace Transform , Math 433
Numerical Analysis , Math 603
Theory of Probability, Math 613
Advanced Calculus I and II, Math 623 and 633
Partial Differential Equations, Math 643
Complex Variables, Math 644
Vector Analysis, ·Math 653
Reactor Physics, Phy 633
Plasma Ph ysics, Ph y 653
Modern Physics I, Phy 383
Physical Chemistry, Ch 410 and 420
Advanced Inorganic Chemistry, Ch 413
Special Projects, Phy 420
tNo n -t echn ica l elect i\'es are pro vided to st re ng th e n cultural
gro wth an d ed uca ti o n in the hum a ni st ic a nd soc ia l sc ien ce
areas . At leas t 15 cre d its mu st be select ed fr o m t he re p rese n tat ive li 51 ~h own o n pages 27-28 o f thi s sect io n , a nd sh oul d he
a lo gi ca l an d pur posef ul se le ct io n havi ng th e approva l o f t he
Ph ys ics· De pa rtm e nt H ead. A m ax imum of fo ur cred it s o f
ROT C may be su bs t itute d fo r no n -tech ni ca l electi ves.
tTec hni cal e le-:t ivc prog ram w ill be p la nned and cuo r d inatcd
acco rdin g to t he in teres t a ncl apti t ude of the student. T ec h nica l el ec ti \'cs mu st be app roved by the Depa rtment I-l ea d .

UNDERGRADUATE COURSES
104 Introductory Physics 4(3,2) FS
One term course including more important topics
in physics. Emphasis on developing an appreciation
for concepts, vocabulary, and methods of the science.
P, one unit of high school algebra. (Credit will not
be all owed in both 104 and 11 4- 12 4. or 195-215) .
114 Elementary Physics I 4 (3,2) F
Year course in fundamentals of physics for students with limited mathematical background, but
emphasizing basic pi:inciples and quantitative approach to these principles. Generally meets needs of
those outside ph ysical sciences and engineering
groups. Mechanics, heat, wave motion. P, Math 113.
(Credit will not be allowed in both 114-124 and
195-215.)
124 Elementary Physics II 4(3,2) S
Continuation of I I 4. Electricity, light, atomic
and nuclear physics. P, 114.

133 Physics for Secondary School Teachers I
3(2,2) Su
Terminal course in traditional areas of physics intended primarily for secondary teachers with little or
no previous training in physical sciences. No specific
prerequisite but students should be well grounded
in arithmetic, simple algebra, and geometry. Offered
only in National Science Foundation Institute, and
open only to students in the Institute.
195 General Physics I 5(4,2) FS
Fundamentals of physics for students in physical
science and engineering. Mechanics, heat, and sound.
P, concurrent registration in Math 165. (Credit will
not be allowed in both 114-124 and 195-215.)
215 General Physics II 5 ( 4 ,2) SF
Continuation of 195. Electricity, light with reference to influence of recent developments on these
areas. P, 195.
303 Physics for Secondary School Teachers II
3(2,2) Su
Lectures, demonstrations, laboratory work on selected topics with emphasis on depth of understanding and broader appreciation for foundations of
science of ph ysics. Prerequisite is minimum of one
year of general college physics and training in mathematics through calculus with several years experience teaching physics at secondary level. Offered only
in National Science Foundation Institute and open
only to students in the Institute.
307 Physical Science Study Committee Approach to
High School Physics 7 ( 4,8) Su
Intensive course to familiarize experienced teachers of ph ysics at secondary level with objectives, content, and laboratory experiments of course in physics
at high school level proposed by Physical Science
Study Committee. Offered only in National Science
Foundation Institute and open only to students in
the Institute.

313 Optics 3(3 ,0) S
Intermediate course in geometrical and physical
optics with principal emphasis on physical optics.
Analysis of refraction phenomena, thick lenses,
wave nature of light, interference, diffraction, and
polarization . P, 215 or 124 with consent of instructor.
321 Advanced Laboratory I I (0,3) F
Selected experiments from various branches of
physics: Emphasis on · precision and analysis of experimental error. P, junior standing in physics.
323 Thermodynamics and Statistical Mechanics
3 (3 ,0) F
Thermodynamic systems from macroscopic approach considering first and second laws of thermodynamics and their consequences, and from microsopic approach via kinetic theory of gases and statistical mechanics. P, 215 or 124 and Math 254 .
331 Advanced Laboratory II 1 (0,3) S
Continuation of 321. P, 321.
341 Electrical Measurements I (0,3) S
D .C. and A.C. bridge measurements of resistance,
inductance, and capacitance. Display and measurement of transients and magnetic effects. P, 2 I 5.

Engineering
354 Classical Theoretical Physics 4 ( 4 ,0) F
Vectors, generalized coordinates, Lagrangian an<l
Hamiltonian mechanics; matrices an<l kinematics,
calculus of variations; mathematics of continua, diffusion, wave motion. P, 215 and concurrent registration in Math 333.
364 Modem Theoretical Physics 4(4,0) S
Concepts of particles an<l waves, de Broglie's equation, Schro<linger's equation, quantum mechanical
treatment of a particle in a box, periodic lattice, field
with spherical symmetry. Introduction to relativity
principle, space-time continuum, covariance, relativistic quantum mechanics. P, 354 or consent of instructor.

373 Atomic Physics 3 (3,0) FS
Evaluation of experimental evidence concerning
atomic and nuclear structure with emphasis on impact of twentieth century developments on science
and engineering. P, 215 or 124 and consent of in•
structor.
383 Modem Physics I 3 (3,0) S
Systematic study of atomic and molecular structure
in terms of vector model and quantum mechanics.
P, concurrent registration in 364.
403 Modem Physics II 3 (3,0) F
Radioactivity; properties of particle accelerators ;
interaction of nuclear particles with matter; nuclear
forces and nuclear structure. P, 373 or consent of
instructor.

411 Advanced Laboratory m 1(0,3) F
Selected experiments primarily in areas of modern
physics. Measurement of electronic charge, charge to
mass ratio, atomic energy levels and analysis of simple spectra. P, 373.
413 Theory of Electricity 3 ( 3 ,0) S
Treatment of fundamentals of electricity an<l magnetism in terms of Maxwell 's equations. P, 354.
420 Special Projects 1-3 FS
Study and investigation of special problems either
from theoretical or experimental approach. P, consent of department head.
421 Advanced Laboratory IV 1 (0,3) S
Continuation of 411 into area of nuclear radiations
and selected experiments on subcritical nuclear reactor. P, 411.
443 Physics of the Solid State 3 (3,0) F
Electronic processes with reference to electrical
properties of metals, semiconductors and insulators.
P, 383 or 373, Math 333 and consent of instructor.

GRADUATE COURSES
633 Reactor Physics 3 (3,0) S
Fission process: moderation and diffusion of neu-
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trans; critical equation for homogenous and heterogenous reactors; reactor control and reactivity
changes. P, 403 or 373 , Math 333 and consent of
instructor.

650 Physics Colloquium 1(1,0) 0(1,0) FS
Reports and discussions of current research within
department and in field of physics. Participation primarily by staff and graduate majors. Open for under•
g raduate credit by special arrangement.
653 Plasma Physics 3 (3,0) S
Elementary processes in a plasma, trajectories of
charged particles, collective effects, creation of plasma, plasma instabilities, applications. P, 413.
703 Theoretical Mechanics 3(3,0) F
Further development of Lagrangian and Hamiltonian methods, canonical transformations, rigid
body motion, relativistic mechanics. P, 354.

713 Tenson and General Rdativity 3 (3,0)
Covariance in physics, basic tensor algebra and
calculus, affine connections, the Riemann tensor,
field equations, linear approximations, the Schwarz•
child solution. P, 703.
723 Electrodynamics 3 (3,0) S
Complex quantities, circuits, Maxwell's equations,
waves in general, planar, cylindrical, and spherical
waves, approximation methods, plasmas. P, 413.
732 Statistical Mechanics 2 (2,0)
Derivations of Bolzmann distribution law, BoseEinstein statistics, Fermi-Dirac statistics, basic theory
of gas and liquid states, order-disorder phenomena,
the partition function. P, 703.

743 Theory of the Solid State 3 (3,0)
Selected topics for ad vanced treatment from such
areas as crystal structure, lattice d ynamics, band theory, semiconductors, and ferromagnetism . P, 443.
753 Theoretical Nuclear Physics 3 (3 ,0)
Quantitative treatment of the intrinsic properties of
nucleons and the nucleon-nucleon interaction; consideration of current nuclear models and interpreta•
tion of scattering of nucleons in terms of these m odel s. P, 403 .

763 Advanced Quantum Mechanics 3 (3,0) F
Hermitian operators, matrix methods, perturbation theory, Dirac wave equation, four-fermion interactions. P, 354, 364.
783 Group Theory in Quantum Mechanics 3(3,0) S
Symmetry transformations, continuous groups,
finite groups, applications to valence theory, Lorentz
group, fundamental particles. P, 763.
790 Thesis in Physics 5-7 as arranged. FS
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Two-Degree Plan
This joint statement of policy on a twodegree plan is made by the South Dakota
State University College of Engineering and
the South Dakota School of Mines and Technology in response to the urgent request by
liberal arts colleges in South Dakota:
"The two-degree plan involves the awarding of an arts degree by the liberal arts college and an engineering degree by the engineering school upon the satisfactory completion of requirements established by each respectively. The usual requirements by the
college are ( 1) the satisfactory completion of
a three year curriculum combining pre-engineering and liberal arts studies, and (2) the
completion of the engineering degree requirements of the engineering school.
"The usual requirements on the part of
the engineering school are ( 1) the satisfactory completion of a program of studies in
the social sciences and humanities, (2) the
satisfactory completion of studies in the liberal arts, and (3) the satisfactory completion of studies, as specified in the curriculum
of the engineering school, in the engineering sciences and engineering.
"It shall be the common policy of these
two institutions: South Dakota School of
Mines and Technology and South Dakota
State University:

( 1) To work cooperatively with any liberal arts college, seeking the opportunity, in
advising the college on the courses that a
two-degree candidate should take at the
liberal arts college, their content, and the
level of attainment expected.
(2) To accept as a candidate for an engineering degree any student who has completed the liberal arts college requirements
satisfactorily, granting transfer credit to the
student for all work acceptably completed
by him at the liberal arts college which is required in the curriculum of his choice at the
engineering school.
(3) To inform the registrar at the liberal
arts college of the anticipated date of graduation of any student for whom the liberal arts
college has notified the engineering school
that he is a two-degree candidate during the
semester that he expects to complete his engineering degree requirements.
"Nothing in this policy shall be interpreted to imply that either engineering
school is obligated to accept any student,
under this two-degree plan, whose record of
work completed at the liberal arts college
is unacceptable to the Director of Admissions
of the engineering school."

Engineering
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Approved Humanities and Social Science Electives for Students
Enrolled in the College of Engineering
Humanities and Social Science electives selected by engineering students to meet the requirements in
their respective curricula mu~t be taken from the course offerings listed below.
This elective program should be spread between the Humanities and Social Science groups in a meaningfull program that will provide both diversification and depth of concept.
Credits earned in ROTC courses may not be substituted for required electives in the humanistic-social
science areas.

HUMANITIES ELECTIVES
Art
Art
Art
Art
Art
Art

102 Design
212 Visual Arts in Society
232 History of American Art
343-353 History of Art
463 Art in the Twentieth Century

Foreign Languages
Foreign Language Department courses numbered
200 or higher (second year).
Literature
Engl 213 Fiction
Engl 233 World Literature
Engl 242 Poetry
Engl 252 Biography
Engl 262 Drama
Engl 272 Literature of the American West
Engl 302 Creative Writing
Engl 313-323 English Literature
Engl 333-343 American Literature
Engl 422 Shakespeare
Engl 442 Modern Drama
Engl 452 Recent American Literature
Engl 462 Recent English Literature

Music
Mu 102 Music Appreciation
Mu 303-313 Music History
Philosophy and Religion
Phil 202 Elementary Logic
Phil 204 Introduction to Philosophy
Phil 213 Introduction to Ethics
Phil 462 Philosophy of Science
Phil 490 Special Problems in Philosophy
Rel 132 Old Testament Survey
Rel 133 New Testament Life and Times
Rel 213 Introduction to Religion
Rel 2 43 Religion in America
Rel 353 Contemporary Religious Thought
Rel 363 World Religions
Rel 373 Current Issues in Religion
Speech
Sp 123
Sp 133
Sp 143
Sp 173
Sp 303
Sp 353
Sp 393
Sp 473

Introduction to Theatre
Acting
Stagecraft
Introduction to Radio and Television
Scene Design
Oral Interpretation
Film Production
Playwriting

SOCIAL SCIENCE ELECTIVES
Child
CD
CD
CD

Development and Family Relations
122 Individual and the Family
223 Human Development and Personality
322 Dynamics of Family Development

Economics
Econ 213
Econ 333
Econ 413
Econ 423
Econ 433

Principles of Economics
Money and Banking
Public Finance
Intermediate Macroeconomics
Intermediate Economic Analysis

Geography
Geo 203 Introduction to Human Georgraphy
Geo 243 Geography of Anglo-America
Geo 253 Geography of South Dakota and
Adjacent Areas
Geo 303-313 Economic Geography
Geo 323 Latin America
Geo 343 Geography of the U.S.S.R.
Geo 353 Geography of Western Europe and the
Mediterranean
Geo 363 Africa: A Regional Survey
Geo- 404 Commercial and Industrial Geography
Geo 413 Geographical Aspects of Regional
Planning
Geo 423 Urban Geography
Geo 433 General Methods of Geographic
Research
Geo 453 Population Geography

History
Hist 103-113 World History
Hist 214 Recent American History
Hist 224 United States History
Hist 233 History of the American West
Hist 303-313 English History
Hist 323 Colonial History of the United States
Hist 324 Economic History of the United States
Hist 333 Civil War and Reconstruction
Hist 343 The Near East
Hist 353 History of the Far East
Hist 363 Ancient History
Hist 373 Medieval Europe
Hist 383 Renaissance and Reformation
Hist 393 Early Modern Europe
Hist 403-413 Contemporary European History
Hist 423 America Between the Wars: 1918-1941
Hist 433 Revolutionary and Early National
Period in U. S. History
Hist 443 The Age of Jackson
Hist 453-463 History of Latin America
Hist 462 Methods and Philosophy of History
Hist 473-483 Constitutional History of the
United States
Hist 493 Conflicting Interpretations of American
History
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Home Economics
Home Management, Housing and Equipment
MHE 272 Management in Family and Personal
Living
MHE 383 Family Housing
MHE 393 and Econ 393, Consumers and the
Market
Nutrition and Food Science
NFS 102 Nutrition for Health
NFS 113 Foods: Principles
NFS 303 Human Nutrition
Political Science
All Political Science courses except 600 and 700
series.
Psychology
Psy 203
Psy 303
Psy 314
Psy 323
Psy 333

General Psychology
Business and Industrial Psychology
Experimental Psychology
Child Psychology
Advanced General Psychology

Psy
Psy
Psy
Psy
Psy

343
403
413
423
433

Sociology
RS 153
RS 202
FS 2 l3
RS 222
RS 232
RS 342
RS 353
RS 373
RS 382
RS 413
RS 433

Principles of Learning
Learning Theory
Social Psychology
Abnormal Psychology
Personality
Introduction to Sociology
Rural Sociology
General Anthropology
Marriage
Social Problems
Race and Nationality Problems
Population Problems
Urban Sociology
Industrial Sociology
Criminology
The Family

Textiles and Clothing
TC 102 Clothing Selection for Men and Women
TC 203 Textiles
TC 413 Socio-Psychological Clothing Aspects

COLLEGES AND DEPARTMENTAL ABBREVIATIONS
AE, Agricultural Engineering
Ag, Agriculture and Biologi-

Fr, French
GC, Guidance and Counseling
GE, General Engineering
Geo, Geography
Ger, German

Mus, Music
N, Nursing
cal Science
NFS, Nutrition and Food
AgEd, Agricultural Education
Science
AgExt, Agricultural Extension
Pha, Pharmacy
GR, General Registration
AS, Animal Science
Phil, Philosophy
GS, General Studies
Bae, Bacteriology
Phy, Physics
HE, Home Economics
Bio, Biology
PJ, Printing and Journalism
HEd, Home Econ. Education
Bot, Botany
PM, Printing Management
HPER, Health, Physical Educa- PolS, Political Science
CD, Child Development
tion and Recreation
PS, Plant Science
CE, Civil Engineering
Hist, History
Psy, Psychology
Ch, Chemistry
Ho, Horticulture
Rel, Religion
DS, Dairy Science
HSc, Health Science
RS, Rural Sociology
Econ, Economics
Rus, Russian
IAE, Industrial Arts Education
Ed, Education
A&S, Arts and Science
J, Journalism
EE, Electrical Engineering
Lib, Library
SecS, Secretarial Science
EG, Engineering Graphics
MA, Mechanized Agriculture
Sp, Speech
EM, Engineering Mechanics
Math, Mathematics
Span, Spanish
Engl, English
ME, Mechanical Engineering
TC, Textiles and Clothing
Ent, Entomology
Mil, Military
Vet, Veterinary Science
ES, Engineering Shops
MHE, Management, Housing, WL, Wildlife
FL, Foreign Languages
and Equipment
Z, Zoology

MISCELLANEOUS ABBREVIATIONS
0

Cr, Credit

L, Laboratory
MTWTFS, Days of Week

F, Fall Semester

P, Prerequisite

Time and/or credit arranged

R, Recitation (Lecture)
S, Spring Semester
Su, Summer Term

Course Numbering System
In the departmental description of subjects, the following numbering system is used:
I. Non-credit courses
1-99 Pre-college or remedial level
2. Courses for Undergraduates ( carry undergraduate credit only)
100-199 Freshman level
200-299 Sophomore level
3. Courses primarily for Undergraduates ( open to graduate students for credit under restricted
conditions with approval of graduate dean-see graduate catalog)

300-399 Junior level
400-499 Senior level
500-599 Fifth year pharmacy level
4 . Courses primarily for graduate students ( open to selected Junior and Senior undergraduate
students on an elective basis only). Not open to Freshmen and Sophomores.
600-699 Graduate level
5. Courses for graduate students ( graduate credit only)
700-799 Graduate level

COLLEGES AND DEPARTMENTAL ABBREVIATIONS
AE, Agricultural Engineering
Ag, Agriculture and Biologi-

cal Science
AgEd, Agricultural Education
AgExt, Agricultural Extension
AS, Animal Science
Bae, Bacteriology
Bio, Biology
Bot, Botany

CD, Child Development
CE, Civil Engineering
Ch, Chemistry
DS, Dairy Science
Econ, Economics
Ed, Education
EE, Electrical Engineering
EG, Engineering Graphics
EM, Engineering Mechanics
Engl, English
Ent, Entomology
ES, Engineering Shops
FL, Foreign Languages

Fr, French
GC, Guidance and Counseling
GE, General Engineering
Geo, Geography
Ger, German

Mus, Music
N, Nursing
NFS, Nutrition and Food

·science
Pha, Pharmacy
GR, General Registration
Phil, Philosophy
GS, General Studies
Phy, Physics
HE, Home Economics
PJ, Printing and Journalism
HEd, Home Econ. Education
PM, Printing Management
HPER, Health, Phvsical Educa- PolS, Political Science
tion and Recreation
PS, Plant Science
Hist, History
Psy, Psychology
Ho, Horticulture
Rel, Religion
HSc, Health Science
RS, Rural Sociology
IAE, Industrial Arts Education
Bus, Russian
A&S, Arts and Science
J, Journalism
Lib, Library
SecS, Secretarial Science
MA, Mechanized Agriculture
Sp, Speech
Math, Mathematics
Span, Spanish
ME, Mechanical Engineering
TC, Textiles and Clothing
Mil, Military
Vet, Veterinary Science
MHE, Management, Housing,
WL, Wildlife
Z, Zoology
and Equipment

MISCELLANEOUS ABBREVIATIONS
0

Time and/or credit arranged

Cr, Credit
F, Fall Semester

L, Laboratory
MTWTFS, Days of Week
P, Prerequisite

R, Recitation (Lecture)
S, Spring Semester
Su. Summer Term

Course Numbering System
In the departmental description of subjects, the following numbering system is used:

I. Non-credit courses
1-99 Pre-college or remedial level
2. Courses for Undergraduates ( carry undergraduate credit only)

100-199 Freshman level
200-299 Sophomore level
3. Courses primarily for Undergraduates ( open to graduate students for credit under restricted

conditions with approval of graduate dean-see graduate catalog)
300-399 Junior level
400-499 Senior level
500-599 Fifth year pharmacy level
4. Courses primarily for graduate students ( open to selected Junior and Senior undergraduate

students on an elective basis only). Not open to Freshmen and Sophomores.
600-699 Graduate level
5. Courses for graduate students ( graduate credit only)

700-799 Graduate level
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